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T h e r e f o r e , t h e 2 - m e t h y l - 2 - p h e n y l p r o p y l l i t h i u m a p p a r e n t l y i s d e c o m p o s e d 
( p r o t o n a t e d b y t h e s o l v e n t ) m u c h f a s t e r t h a n i t r e a r r a n g e s . T h i s l a c k o f 
r e a r r a n g e m e n t i n d i c a t e s t h a t s t e r i c s t r a i n may b e a n i m p o r t a n t f a c t o r i n 
d e t e r m i n i n g w h e t h e r a n o r g a n o m e t a l l i c c o m p o u n d w i l l u n d e r g o r e a r r a n g e m e n t . 
X 
T h e 2 - m e t h y l - 2 - p h e n y r p r o p y l l i t h i u m may h a v e a l a c k o f s t e r i c s t r a i n s i n c e 
i t h a s o n l y o n e l a r g e s u b s t i t u e n t o n t h e b e t a - c a r b o n . T h u s f a r , a l l o f 
t h e h y d r o c a r b o n c a r b a n i o n s w h i c h h a v e b e e n f o u n d t o u n d e r g o r e a r r a n g e m e n t 
h a v e h a d a q u a t e r n a r y c a r b o n b e a r i n g t w o o r t h r e e l a r g e s u b s t i t u e n t s , 
w h i c h w a s c o n v e r t e d b y r e a r r a n g e m e n t i n t o a t r i g o n a l c a r b o n b e a r i n g o n e 




T h e p u r p o s e o f t h i s r e s e a r c h w a s t o s t u d y u n d e r w h a t c o n d i t i o n s o f 
s t r u c t u r e a n d e n v i r o n m e n t m o l e c u l a r r e a r r a n g e m e n t s o f c a r b o n s k e l e t o n 
i n v o l v i n g 1 , 2 - s h i f t s i n c a r b a n i o n s m a y b e r e a l i z e d . T h i s t y p e o f c a r b a n ­
i o n r e a r r a n g e m e n t may b e s u m m a r i z e d a s : 
' 1 '2 I 1 2̂ 
— C — C — > — C — c — 
I I 
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A n u m b e r o f r e a r r a n g e m e n t s o f c a r b a n i o n s i n v o l v i n g r e a r r a n g e m e n t 
o f c a r b o n s k e l e t o n h a v e b e e n s t u d i e d w h i c h s e e m t o d e p e n d u p o n t h e p r e s ­
e n c e o f a n e l e c t r o n e g a t i v e a t o m s u c h a s t e t r a v a l e n t n i t r o g e n , t r i v a l e n t 
s u l f u r , o r d i v a l e n t o x y g e n o n e a t o m r e m o v e d f r o m t h e c e n t e r o f c a r b a n i o n 
f o r m a t i o n . T h e S t e v e n s r e a r r a n g e m e n t o f q u a t e r n a r y a m m o n i u m s a l t s a n d 
t h e W i t t i g r e a r r a n g e m e n t o f o t h e r s a r e e x a m p l e s o f t h i s t y p e o f r e a r r a n g e ­
m e n t . 1 T h e n u m b e r o f c a s e s i n w h i c h a c a r b a n i o n c o n t a i n i n g o n l y c a r b o n 
a n d h y d r o g e n n e a r t h e r e a c t i o n c e n t e r u n d e r g o e s 1 , 2 - s h i f t o f c a r b o n s k e l e ­
t o n i s v e r y s m a l l . Some p o s s i b l e e x a m p l e s a r e t h e r e a c t i o n o f 1 , 1 , 3 - t r i -
2 
p h e n y l i n d e n e w i t h s o d i u m t o g i v e 
(1) C . K . I n g o l d , " S t r u c t u r e a n d M e c h a n i s m i n O r g a n i c C h e m i s t r y , " 
C o r n e l l U n i v . P r e s s , I t h a c a , N . Y . , 1953, P P - 523-528 a n d 6K2-6KK. 
(2) K . Z i e g l e r a n d K . B a h r , B e r . , , 6 1 , 253 (1928). 
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t h e s o d i u m d e r i v a t i v e o f 1 , 2 , 3 - t r i p h e n y l i n d e n e a n d t h e s i m i l a r r e a r r a n g e -
m e n t o f l - b i p h e n y l e n e - 3 - p h e n y l i n d e n e . 
+ Na 
k 
I n a n o t h e r e x a m p l e , W o o s t e r a n d M i t c h e l l r e p o r t e d t h a t w h e n t h e 
5 
c o m p o u n d t o w h i c h Cone a n d R o b i n s o n h a d a s s i g n e d t h e s t r u c t u r e o f 2 - c h l o r o -
1 , 1 , 1 - t r i p h e n y l e t h a n e w a s t r e a t e d w i t h s o d i u m i n l i q u i d a m m o n i a , a r e d 
o r g a n o s o d i u m c o m p o u n d w a s o b t a i n e d w h i c h u p o n t r e a t m e n t w i t h a m m o n i u m 
c h l o r i d e g a v e 1 , 1 , 2 - t r i p h e n y l e t h a n e . W o o s t e r a n d M i t c h e l l a c c o r d i n g l y 
c o n c l u d e d t h a t a r e a r r a n g e m e n t o f c a r b o n s k e l e t o n h a d o c c u r r e d d u r i n g t h e 
r e a c t i o n w i t h s o d i u m ; h o w e v e r t h e c o m p o u n d o f Cone a n d R o b i n s o n h a s b e e n 
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s h o w n b y G r o v e n s t e i n a n d b y C h a r l t o n , D o s t r o v s k y a n d H u g h e s t o b e 
2 - c h l o r o - l , l , 2 - t r i p h e n y l e t h e n e a n d t h u s n o r e a r r a n g e m e n t o f c a r b o n s k e l e ­
t o n n e e d b e p o s t u l a t e d . A l s o w h e n a u t h e n t i c 2 - c h l o r o - l , 1 , 1 - t r i p h e n y l e -
7 
t h a n e w a s r e a c t e d w i t h s o d i u m i n l i q u i d a m m o n i a f o l l o w e d b y t r e a t m e n t 
w i t h a m m o n i u m c h l o r i d e 1 , 1 , 1 - t r i p h e n y l e t h a n e r e s u l t e d . H o w e v e r t h e 
(3) C . F . K o e l s c h , J . A m . C h e m . S o c , 55, 3394 (1933); 56, kdO 
(193^). 
(19.30). 
(k) C . B . W o o s t e r a n d N . W. M i t c h e l l , J . A m . Chem. S o c , 52, !Ch2 
(5) L . H . Cone a n d C . S . R o b i n s o n , B e r . , kO, 2164 (1907). 
(6) E . G r o v e n s t e i n , J r . , J . A m . C h e m . S o c , 79, 9̂85 (1957)-
(7) J . C. C h a r l t o n , I . D o s t r o v s k y a n d E . D . H u g h e s , N a t u r e , 167 
986 (1951). 
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REACTION OF 2-CHLORO-L,L,L-TRIPHENYLETHANE WITH SODIUM IN REFLUXING 
DIOXANE GIVES A RED ORGANOSODIUM COMPOUND WHICH UNDERGOES CARBONATION 
TO GIVE 2,2,3-TRIPHENYLPROPANOIC ACID: 
PH CCH CL ~ t t " ~ * PH 0CCH NPH C ° 2 . PH o0CH O PH 
3 2 DIOXANE 2 _ 2 2 | 2 
NA!" CO H 
8 
ZIMMERMAN AND SMENTOWSKI OBTAINED THE SAME RESULTS WHEN THE REACTION 
WAS RUN IN ETHYL ETHER-ISOOCTANE AT ROOM TEMPERATURE. IN A SIMILAR REAC-
TION BUT WITH T-AMYL ALCOHOL ADDED TO THE DIOXANE USED AS SOLVENT, THE 
HYDROCARBON PRODUCT CONSISTED OF 9^ P E R CENT 1,1,1-TRIPHENYLETHANE AND 6 
PER CENT 1,1.,2-TRIPHENYLETHANE; THUS T-AMYL ALCOHOL DONATES A PROTON 
(APPARENTLY TO A REACTIVE INTERMEDIATE SUCH AS PH_CCH 0NA) BEFORE REARRANGE-
5 2 
7 
MENT OCCURS. TRIPHENYLETHYLENE, WHICH RESULTS FROM THE PYROLYSIS OF 
2-CHLORO-L,1,1-TRIPHENYLETHANE ALONE BUT ESPECIALLY IN THE PRESENCE OF 
FERRIC AND STANNIC CHLORIDE, CANNOT BE AN IMPORTANT INTERMEDIATE IN THE 
REACTION WITH SODIUM SINCE THIS COMPOUND GIVES RISE TO DIFFERENT PRODUCTS 
FROM THOSE OBTAINED FROM 2-CHLORO-L,1,1-TRIPHENYLETHANE UPON REACTION WITH 
SODIUM IN. DIOXANE FOLLOWED BY CARBONATION. THE DIFFERENT PRODUCTS CON­
SIST OF AN. INCOMPLETELY IDENTIFIED MIXTURE OF CARBOXYLIC ACIDS WHOSE NEU­
TRALIZATION EQUIVALENT SHOWS APPROXIMATELY TWO CARBOXYL GROUPS PER T R I ­
PHENYLETHYLENE AND WHICH IN PART UNDERGOES DEHYDRATION TO GIVE TRIPHENYL-
SUCCINIC ANHYDRIDE. 
IN THE REACTIONS CITED ABOVE, THE EVIDENCE SEEMS TO POINT TO PHENYL 
MIGRATION OCCURRING BY WAY OF AN INTERMEDIATE CARBANION, THE 2 , 2 , 2 , - T R I -( 8 ) H. E . ZIMMERMAN AND F . J . SMENTOWSKI, J . AM. CHEM. S O C . , 79> 
5 ^ 5 5 ( 1 9 5 7 ) . 
k 
p h e n y l e t h y l c a r b a n i o n . H o w e v e r r e a r r a n g e m e n t b y w a y o f a n I n t e r m e d i a t e 
2 , 2 , 2 - t r i p h e n y l e t h y l r a d i c a l c o u l d a l s o a c c o u n t f o r t h e p r o d u c t s s i n c e 
p h e n y l g r o u p s a r e k n o w n t o m i g r a t e i n f r e e - r a d i c a l r e a c t i o n s a n d t h e 
2 , 2 , 2 - t r i p h e n y l e t h y l r a d i c a l w a s 1 0 0 p e r c e n t r e a r r a n g e d u n d e r t h e c o n -
Q 
d i t i o n s o f C u r t l n a n d H u r w i t z . T h e r e f o r e o n e o b j e c t i v e o f t h i s r e s e a r c h 
w a s t o f i n d o u t w h e t h e r a n y r e a r r a n g e m e n t s o f h y d r o c a r b o n c a r b a n i o n s d o 
o c c u r o r w h e t h e r a l l s u c h a p p a r e n t r e a r r a n g e m e n t s a r e a c t u a l l y o n l y r e ­
a r r a n g e m e n t s o f f r e e r a d i c a l s . 
I n t h e f i r s t p a r t o f t h i s r e s e a r c h , t h e 2 , 2 , 2 - t r i p h e n y l e t h y l c a r ­
b a n i o n w a s g e n e r a t e d b y r e a c t i o n o f 2 - c h l o r o - l , l , l - t r i p h e n y l e t h a n e w i t h 
a n a l k a l i m e t a l a n d t h e e x t e n t o f r e a r r a n g e m e n t d e t e r m i n e d . W h e r e f e a ­
s i b l e t h e r e a c t i o n w a s r u n o v e r a w i d e r a n g e o f t e m p e r a t u r e a n d i n s e v ­
e r a l d i f f e r e n t s o l v e n t s o r m i x t u r e s o f s o l v e n t s . S i n c e t h e e f f e c t u p o n 
t h e e x t e n t o f r e a r r a n g e m e n t o f v a r y i n g t h e a l k a l i m e t a l s h o u l d t e l l s o m e ­
t h i n g a b o u t t h e n a t u r e o f t h e s t e p i n v o l v e d i n t h e r e a r r a n g e m e n t , t h e 
e f f e c t o f t r e a t i n g t h e 2 - c h l o r o - l , l , l - t r i p h e n y l e t h a n e w i t h p o t a s s i u m , 
s o d i u m - p o t a s s i u m a l l o y , a n d l i t h i u m w a s s t u d i e d . T h e p r o d u c t s f r o m a l l 
t h e s e r e a c t i o n s w e r e a n a l y z e d a f t e r p r e l i m i n a r y r e a c t i o n w i t h c a r b o n d i o x ­
i d e t o c o n v e r t t h e o r g a n o a l k a l i c o m p o u n d s t o c a r b o x y l i c a c i d s . T h e s e 
a c i d s w e r e a n a l y z e d b y a v a r i e t y o f t e c h n i q u e s d e p e n d i n g o n t h e i r c o m ­
p o s i t i o n . T h e t e c h n i q u e s u s e d m o s t o f t e n w e r e s i l i c i c a c i d c h r o m a t o g r a p h y , 
q u a n t i t a t i v e i n f r a r e d s p e c t r a l a n a l y s i s , a n d v a p o r - p h a s e c h r o m a t o g r a p h y . 
T h e h y d r o c a r b o n s w h i c h a l w a y s a c c o m p a n i e d t h e a c i d s w e r e s e p a r a t e d a n d 
s o m e t i m e s a n a l y z e d b y s i m i l a r t e c h n i q u e s . 
( 9 ) D . Y . C u r t a i l a n d M . J . H u r w i t z , J . A m . C h e m . S o c . , "jk, 5 3 8 I 
( 1 9 5 2 ) . 
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I n t h e s e c o n d p a r t o f t h i s r e s e a r c h , t h e e f f e c t o f s t r u c t u r e u p o n 
t h e e x t e n t o f o c c u r r e n c e o f c a r b a n i o n r e a r r a n g e m e n t s a n d u p o n t h e e a s e o f 
m i g r a t i o n o f v a r i o u s g r o u p s w a s s t u d i e d . , T h e c a r b a n i o n s c h o s e n f o r s t u d y 
w e r e t h e 2 , 2 , 3 > - t r i p h e n y l p r o p y l c a r b a n i o n a n d t h e 2 - m e t h y l - 2 - p h e n y l p r o p y l 
c a r b a n i o n . I n t h e s e c a r b a n i o n s t h e m e t h y l a n d b e n z y l g r o u p s a r e p i t t e d 
a g a i n s t t h e p h e n y l g r o u p f o r r e a r r a n g e m e n t . S i n c e t h e e a s e o f m i g r a t i o n 
f o r t h e s e g r o u p s i s d i f f e r e n t i n f r e e - r a d i c a l r e a r r a n g e m e n t s a n d c a r b a n i o n 
r e a r r a n g e m e n t s , t h e e a s e o f m i g r a t i o n f o u n d i n t h i s s t u d y s h o u l d b e i n d i ­
c a t i v e o f t h e m e c h a n i s m . T h e s e c a r b a n i o n s w i l l b e g e n e r a t e d f r o m 1 - c h l o r o -
2 , 2 , 3 - t r i p h e n y l p r o p a n e a n d l - c h l o r o - 2 - m e t h y l - 2 - p h e n y l p r o p a n e b y r e a c t i o n 
w i t h l i t h i u m a n d a n a l y z e d b y t h e t e c h n i q u e s m e n t i o n e d a b o v e . 
6 
CHAPTER I I 
DISCUSSION OF EXPERIMENTAL RESULTS 
REACTION OF 2-CHLORO-L,L,L-TRIPHENYLETHANE WITH POTASSIUM AND SODIUM-
POTASSIUM ALLOY.--THE REACTION OF 2-CHLORO-L,L,L-TRIPHENYLETHANE WITH 
MOLTEN POTASSIUM IN REFLUXING TETRAHYDROFURAN ( B . P . 65-66°) GAVE A VERY 
DARK RED SOLUTION WHICH UPON CARBONATION GAVE SOME J2. PER CENT YIELD OF 
2,2,3-TRIPHENYLPROPANOIC ACID AND k*7 P E R CENT OF DIPHENYLACETIC ACID. 
THE MAJOR ACIDIC PRODUCT WAS THEREFORE IDENTICAL WITH THAT OBTAINED FROM 
REACTION WITH MOLTEN SODIUM IN REFLUXING DIOXANE^ EXCEPT FOR A HIGHER 
YIELD (kj PER CENT YIELD OF 2,2,3-TRIPHENYLPROPANOIC ACID REPORTED WITH 
SODIUM IN DIOXANE). THE DIPHENYLACETIC ACID PROBABLY COMES FROM DIPHENYL-
METHYLPOTASSIUM WHICH COULD RESULT FROM, CLEAVAGE OF A CARBON-CARBON BOND 
OF SOME INTERMEDIATE PRODUCT BY POTASSIUM. THE INTERMEDIATE PRODUCT UNDER­
GOING CLEAVAGE BY POTASSIUM I S NOT KNOWN WITH CERTAINTY BUT 1,1,2-TRI-
PHENYLETHANE, WHICH HAS BEEN IDENTIFIED, IN THE CORRESPONDING REACTION 
WITH SODIUM,^ IS A VERY LIKELY POSSIBILITY. IT IS KNOWN THAT 1,1,2,2-
TETRAPHENYLETHANE I S CLEAVED BY SODIUM-POTASSIUM ALLOY TO DIPHENYLMETHYL-
P O T A S S I U M , " ^ ' 1 1 1,1,1,2-TETRAPHENYLETHANE IS SIMILARLY CLEAVED TO T R I -
PHENYLMETHYLPOTASSIUM.,"^ WHILE 1,2-DIPHENYLETHANE IS NOT C L E A V E D . 1 1 RE-
12 
CENTLY ROGERS HAS FOUND THAT 1,1,2-TRIPHENYLETHYLENE I S CLEAVED BY SODIUM 
IN LIQUID AMMONIA TO DIPHENYLMETHANE AND TOLUENE. 
(10) K. ZIEGLER AND F . THIELMANN, B E R . , 56B, 17*4-3 (1923). 
(11) J . B . CONANT AND B . S . GAI^VEY, J . AM. CHEM. S O C , k$, 2599 (1927). 
(12) L . C. ROGERS, PRIVATE COMMUNICATION. 
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F u r t h e r r e a c t i o n s o f 2 - c h l o r o - l , l , l - t r i p h e n y l e t h a n e w i t h p o t a s s i u m 
w e r e c a r r i e d o u t a t l o w e r t e m p e r a t u r e s t o s e e i f t h e r e a c t i o n p r o c e e d e d 
w i t h r e a r r a n g e m e n t a t t h e s e t e m p e r a t u r e s a l s o . T h e r e a c t i o n w a s s t u d i e d 
w i t h l i q u i d s o d i u m - p o t a s s i u m a l l o y i n t e t r a h y d r o f u r a n a t 2 0 a n d 0 ° a n d 
g a v e , r e s p e c t i v e l y , 5 3 a n d 3 2 p e r c e n t y i e l d s o f 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c 
a c i d a n d 1 a n d 0 p e r c e n t y i e l d s o f d i p h e n y l a c e t i c a c i d . A t t e m p t s w e r e 
made t o s t u d y t h e r e a c t i o n o f 2 - c h . l . o r o - l , l , l - t r i p h e n y l e t h a n e w i t h f i n e l y 
d i v i d e d p o t a s s i u m a t - 1 0 a n d - 7 8 ° . T h e s e r e a c t i o n s f a i l e d b e c a u s e o f 
a g g l o m e r a t i o n o f t h e p o t a s s i u m ' u n d e r a l l c o n d i t i o n s s t u d i e d w h e r e t h e s u r ­
f a c e o f t h e p o t a s s i u m w a s c l e a n e n o u g h t o p e r m i t r e a c t i o n . A l t h o u g h b l u e 
s o l u t i o n s d u e t o s o l u b i l i t y o f p o t a s s i u m i n . t e t r a h y d r o f u r a n h a v e b e e n 
k 
r e p o r t e d , n o b l u e s o l u t i o n s o f t e t r a h y d r o f u r a n w e r e n o t e d i n a n y o f t h e 
15 
e x p e r i m e n t s c a r r i e d o u t i n t h i s r e s e a r c h . H o w e v e r t h e r e p o r t t h a t a 
b l u e s o l u t i o n i s f o r m e d b y p o t a s s i u m i n 1 , 2 - d i m e t h y o . x y e t h a n e a t t e m p e r a ­
t u r e s n e a r t h e f r e e z i n g p o i n t o f t h e s o l v e n t w a s c o n f i r m e d i n t h i s r e ­
s e a r c h . I n e x p e r i m e n t s a t - 5 0 ° w i t h a f i n e l y d i v i d e d s u s p e n s i o n o f p o t a s ­
s i u m . in 1 , 2 - d i m e t n o x y e t h a n e a d e e p b l u e c o l o r w a s n o t e d . T h e a d d i t i o n o f 
a s m a l l a m o u n t o f 2 - c h l o r o - l , l , l - t r i p h e n . y l e t h a n e w o u l d d i s c h a r g e t h i s 
c o l o r a n d g i v e t h e u s u a l r e d - b r o w n c o l o r o f t h e o r g a n o p o t a s s i u m c o m p o u n d . 
T h e d e e p b l u e c o l o r w o u l d r e t u r n t o t h e s o l u t i o n u p o n a d d i t i o n a l s t i r r i n g 
a t t h i s t e m p e r a t u r e . A s m a l l a m o u n t o f 2 - c h l o r o - 1 , 1 , 1 - t r i p h e n y l e t h a n e 
w a s r e a c t e d w i t h p o t a s s i u m a t ~^0° b e f o r e t h e r e a c t i o n w a s t e r m i n a t e d d u e 
t o a g g l o m e r a t i o n o f t h e p o t a s s i u m . C a r b o n a t i o n o f t h i s r e a c t i o n m i x t u r e 
g a v e a m i x t u r e w h i c h c o n t a i n e d o n l y 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d a n d 
( 1 . 3 ) Jo L . D o w n , J . L e w i s , B . M o o r e a n d G . W i l k i n s o n , P r o c . C h e m . 
S o c , 2 0 9 ( 1 9 5 7 ) . 
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t r i p h e i i y l s u c c i n i c a n h y d r i d e . T h e t r i p h e n y l s u c c i n i c a n h y d r i d e p r o b a b l y 
r e s u l t e d f r o m c a r b o n a t i o n o f t h e a d d i t i o n p r o d u c t o f p o t a s s i u m a n d t r i -
p h e n y l e t h y l e n e . T r i p h e n y l s u c c i n i c a c i d , h a s b e e n s h o w n ^ t o b e a p r o d u c t 
i n t h e c o r r e s p o n d i n g r e a c t i o n o f s o d i u m and. t r i p h e n y l e t h y l e n e . T r i -
p h e n y l e t h y l e n e c o u l d , b e f o r m e d b y a l p h a - e l i m i n a t i o n u p o n 2 - c h l o r o - l , l , l ~ 
8 
t r i p h e n y l e t h a n e b y a n o r g a n o p o t a s s i u m c o m p o u n d . 
T h e r e f o r e p o t a s s i u m r e a c t s w i t h 2 - c h . l o r o - l , l , 1 - t r i p h e n y l e t h a n e a t 
t e m p e r a t u r e s o f f r o m -50 t o 66° t o g i v e 1 , 1 , 2 - t r i p h e n y l e t h y l p o t a s s i u m b u t 
n o d e t e c t a b l e 2 , 2 , 2 - t r i p h e n y l e t h y l p o t a s s i u m . A l s o t h e y i e l d s o f t h e 1,1,2-
t r i p h e n y l e t h y l c a r b a n i o n a r e g e n e r a l l y h i g h e r w i t h p o t a s s i u m t h a n w i t h 
s o d i u m . T h e s e r e s u l t s l e n d s u p p o r t t o t h e s u p p o s i t i o n t h a t r e a r r a n g e ­
m e n t i n t h e r e a c t i o n o f 2 - c h l o r o - 1 , 1 , 1 - t r i p h e n y l e t h a n e w i t h a l k a l i m e t a l s 
o c c u r s b y w a y o f t h e 2 , 2 , 2 - t r i p h e n y l . e t h y l . c a r b a n i o n s i n c e 2 , 2 , 2 - t r l p h e n y l -
p o t a s s i u m w o u l d b e e x p e c t e d , t o b e m o r e i o n i c , i n c h a r a c t e r a n d t h e r e f o r e 
u n d e r g o r e a r r a n g e m e n t m o r e r e a d i l y t h a n 2 , 2 , 2 - t r i p h e n y l e t h y l s o d i u m . 
R e a c t i o n o f 2 . - C h l o r o - 1 , . 1 , 1 - t r i p h e n y l e t h a n e w i t h L i t h i u m . - - T h e r e a c t i o n , 
o f l i t h i u m m e t a l w i t h 2 - c h l o r o - l , l , 1 - t r i p h e n y l e t h a n e i n t e t r a h y d r o f u r a n 
a t -10° p r o d u c e d a d e e p r e d - c o l o r e d s o l u t i o n . T h i s s o l u t i o n w a s s t i r r e d 
a t 28° f o r o n e h o u r a n d t h e n c a r b o n a t e d . T h e r e s u l t i n g a c i d s w e r e s e p a ­
r a t e d b y s i l i c i c a c i d c h r o m a t o g r a p h y a n d g a v e 1.8 p e r c e n t y i e l d o f 2,2,3-
t r i p h e n y l p r o p a n o i c a c i d a n d 10 p e r c e n t y i e l d o f t r i p h e n y l s u c c i n i c a n h y ­
d r i d e . T h e t r i p h e n y l s u c c i n i c a n h y d r i d e p r o b a b l y r e s u l t e d f r o m c a r b o n a t i o n 
o f t h e a d d i t i o n p r o d u c t o f l i t h i u m t o t r i p h e n y l e t h y l e n e ( i n a s i m i l a r 
( l * f ) E . G. Roc h o w , Do T . H u r d a n d R. N . L e w i s , " T h e C h e m i s t r y o f 
O r g a n o m e t a l l i c C o m p o u n d s , " J o h n W i l e y and. S o n s , I n c . , New Y o r k , N . Y . , 
1957, P . 65. 
9 
m a n n e r t o t h a t d e s c r i b e d , p r e v i o u s l y w i t h p o t a s s i u m ) . I r . p a r t i a l c o n f i r m a ­
t i o n o f t h i s a 5 Ve^ c e n t y i e l d o f t r i p h e n y l e t h y l e n e w a s f o u n d i n t h e 
n e u t r a l p r o d u c t s o f t h i s r e a c t i o n . 
A n o t h e r r e a c t i o n r u n a t a t e m p e r a t u r e o f -60° f o r 3- l /2 h o u r s a n d 
t h a n c a r b o n a t e d g a v e q u i t e d i f f e r e n t r e s u l t s . T h i s r e a c t i o n g a v e 62 p e r 
c e n t y i e l d o f a c i d s w h i c h c o n s i s t e d o f $k p e r c e n t 3 ^ 3 ^ 3 _ " t r i p h e n y l p r o -
p a n o i c a c i d , 3 P e r c e n t 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d a n d 3 p e r c e n t t r i -
p h e n y l s u c c i n i c a n h y d r i d e . T h u s a t -60° l i t h i u m r e a c t s w i t h 2 - c h l o r o - l , 1 , 1 -
t r i p h e n y l . e t h a n e t o g i v e 2 , 2 , 2 - t r i p h e n y l e t h y l . l i t h i u m w h i c h i s r e l a t i v e l y 
s t a b l e a t t h i s t e m p e r a t u r e . Some o r a l l o f t h e 1 , 1 , 2 - t r i p h e n y l e t h y l l i t h i u m 
( w h i c h u p o n c a r b o n a t i o n g a v e t h e 3 p e r c e n t y i e l d o f 2 , 2 , 3 - t r i p h e n y l ­
p r o p a n o i c a c i d ) c o u l d h a v e b e e n f o r m e d w h e n t h e r e a c t i o n w a s i n i t i a t e d 
b y a d d i t i o n o f a s m a l l a m o u n t o f t h e c h l o r i d e a t -10°. A l l o f t h e r e a c ­
t i o n s o f 2 - c h l o r o - l , l , l - t r i p h e n y l e t h a n e w i t h l i t h i u m w e r e i n i t i a t e d a t 
-10° s i n c e s e v e r a l a t t e m p t s t o i n i t i a t e r e a c t i o n a t l o w e r t e m p e r a t u r e s 
f a i l e d . A p p a r e n t l y i n t h e f i r s t e x p e r i m e n t 2 , 2 , 2 - t r i p h e n y l e t h y l l i t h i u m 
w a s f o r m e d i n i t i a l l y b u t r a p i d l y r e a r r a n g e d t o 1 , 1 , 2 - t r i p h e n y l l i t h i u m a t 
t h e h i g h e r t e m p e r a t u r e . I n o r d e r t o d e m o n s t r a t e t h a t t h i s w a s h a p p e n i n g 
a r e a c t i o n w i t h l i t h i u m a t -60° a s d e s c r i b e d a b o v e w a s c a r r i e d o u t a n d t h e n 
w a r m e d t o 0° a n d s t i r r e d a t t h i s t e m p e r a t u r e f o r o n e h o u r b e f o r e c a r b o n a ­
t i o n . T h e r e s u l t i n g a c i d s y i e l d e d 30 P e r c e n t t r i p h e n y l s u c c i n i c a n h y d r i d e , 
kk p e r c e n t 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d a n d 26 p e r c e n t 3 , 3 , 3 - t r i p h e n y l -
p r o p a n o i c a c i d . A s e c o n d r u n u n d e r t h e s e c o n d i t i o n s g a v e t h e same c o m p o ­
s i t i o n o f a c i d s w i t h i n ± 5 P e r c e n t . T h e r e f o r e a t 0° a p p r o x i m a t e l y t w o -
t h i r d s o f t h e 2 , 2 , 2 - t r i p h e n y l e t h y l . l i t h i u m u n d e r w e n t r e a r r a n g e m e n t t o 
1 , 1 , 2 - t r i p h e n y l e t h y l l i t h i u m i n o n e h o u r . 
1 0 
A N A T T E M P T W A S M A D E T O I N C R E A S E T H E E X T E N T O F R E A R R A N G E M E N T O F 
2 , 2 , 2 - T R I P H E N Y L L I T H I U M " B Y R E A C T I N G I T W I T H A M O R E R E A C T I V E M E T A L . A R E A C ­
T I O N W A S R U N A T - 6 0 ° A N D T H E N W A R M E D T O 0 ° A S B E F O R E A N D T H E N L I Q U I D S O D ­
I U M - P O T A S S I U M A L L O Y W A S A D D E D A N D T H E R E A C T I O N W A S S T I R R E D A T 0 ° F O R O N E 
H O U R B E F O R E C A R B O N A T I O N . T H E R E S U L T I N G A C I D S Y I E L D E D 5 0 P E R C E N T T R I ­
P H E N Y L S U C C I N I C A C I D , 3 7 P E R C E N T 2 , 2 , 3 - T R I P H E N Y L P R O P A N O I C A C I D A N D 1 3 P E R 
C E N T 3 J 3 J 3 - T R I P H E N Y L P R O P A N O I C A C I D . T H I S S H O W S A S M A L L I N C R E A S E I N T H E 
E X T E N T O F R E A R R A N G E M E N T B U T T H E E F F E C T I S N O T A S P R O N O U N C E D A S W O U L D B E 
E X P E C T E D I F T H E 2 , 2 , 2 - T R I P H E N Y L E T H Y L L I T H I U M R E A D I L Y E X C H A N G E D W I T H P O T A S ­
S I U M T O G I V E T H E M O R E R E A C T I V E 2 , 2 , 2 - T R I P H E N Y L E T H Y L P O T A S S I U M . A T T E M P T S 
W E R E A L S O M A D E T O A C C E L E R A T E T H E R E A R R A N G E M E N T O F 2 , 2 , 2 - T R I P H E N Y L E T H Y L ­
L I T H I U M B Y I N C R E A S I N G T H E S O L V A T I N G P O W E R O F T H E M E D I U M F O R C A T I O N S . A 
S O L U T I O N O F 2 , 2 , 2 - T R I P H E N Y L E T H Y L L I T H I U M W A S P R E P A R E D A T - 6 0 ° I N 2 0 0 M L . 
O F T E T R A H Y D R O F U R A N A N D T H E N S T I R R E D A T - 6 0 ° F O R O N E H O U R A F T E R T H E A D D I T I O N 
O F 1 . 0 0 M L . O F T R I E T H Y L A M I N E A N D C A R B O N A T E D . T H E R E S U L T I N G A C I D W A S E S S E N ­
T I A L L Y P U R E 3 , 3 , 3 - T R I P H E N Y L P R O P A N O I C A C I D S H O W I N G T H A T T H E T R I E T H Y L A M I N E 
H A D N O A P P R E C I A B L E E F F E C T . T H E I N E F F E C T I V E N E S S O F T R I E T H Y L A M I N E I N P R O -
1 5 
M O T I N G R E A R R A N G E M E N T C A N B E U N D E R S T O O D I N T E R M S O F A R E C E N T R E P O R T T H A T 
T R I E T H Y L A M I N E F O R M S A C O N S I D E R A B L Y L E S S S T A B L E C O M P L E X W I T H N - B U T Y L L I T H I U M 
I N B E N Z E N E T H A N D O E S T E T R A H Y D R O F U R A N . T H I S R E P O R T I S S U R P R I S I N G S I N C E T R I -
M E T H Y L A M I N E F O R M S A C O N S I D E R A B L Y M O R E S T A B L E C O O R D I N A T I O N C O M P O U N D W I T H 
T R I M E T H Y L A L U M I N U M T H A N D O E S D I M E T H Y L E T H E R . A N U M B E R O F A T T E M P T S T O 
S T U D Y T H E R E A C T I O N O F 2 - C H L O R O - 1 , 1 , 1 - T R I P H E N Y L E T H A N E W I T H L I T H I U M I N 
( 1 5 ) E . J . W E L C H , J . A M . C H E M . S O C , 8 2 , 6 0 0 0 ( I 9 6 0 ) . 
( 1 6 ) G - . E . C O A T E S , " O R G A N O - M E T A L L I C C O M P O U N D S , 1 1 J O H N W I L E Y A N D 
S O N S , I N C , N E W Y O R K , N . Y . , I 9 6 0 , P . I 3 6 . 
11 
1 , 2 - d i m e t h o x y e t h a n e w e r e u n s u c c e s s f u l d u e t o i n a b i l i t y t o e f f e c t r e a c t i o n 
o f t h e h a l i d e i n t h i s s o l v e n t . 
T h u s 2 - c h l o r o - l , l , l - t r i p h e n y l e t h a n e h a s b e e n f o u n d t o r e a c t w i t h 
l i t h i u m t o g i v e 2 , 2 , 2 - t r i p h e n y l e t h y l l i t h . i u m w h i c h i s c o m p a r a t i v e l y s t a b l e 
a t t e m p e r a t u r e s f r o m -65 t o -30° b u t r e a d i l y u n d e r g o e s r e a r r a n g e m e n t a t 
t e m p e r a t u r e s o f 0° o r h i g h e r t o g i v e 1 , 1 , 2 - t r i p h e n y l e t h y l l i t h i u m . T h e s e 
r e s u l t s l e n d c o n s i d e r a b l e s u p p o r t t o t h e s u p p o s i t i o n t h a t t h i s r e a r r a n g e ­
m e n t o c c u r s b y w a y o f a n i n t e r m e d i a t e c a r b a n i o n a n d n o n e t o t h e s u p p o s i t i o n 
t h a t i t o c c u r s b y w a y o f a f r e e - r a d i c a l i n t e r m e d i a t e . I f t h e r e a r r a n g e m e n t 
o c c u r s v i a a n i n t e r m e d i a t e c a r b a n i o n t h e n t h e e x t e n t o f r e a r r a n g e m e n t 
s h o u l d d e c r e a s e i n g o i n g a l o n g t h e s e r i e s o f a l k a l i m e t a l s i n t h e o r d e r , 
K > Na > L i , s i n c e t h e o r g a n o l i t h i u m . c o m p o u n d w o u l d h a v e t h e m o s t a n d t h e 
o r g a n o p o t a s s i u m c o m p o u n d t h e l e a s t c o v a l e n t c h a r a c t e r i n t h e c a r b o n - m e t a l 
b o n d . A l t e r n a t e l y , i f t h e r e a r r a n g e m e n t o c c u r s v i a a f r e e - r a d i c a l i n t e r ­
m e d i a t e , t h e n l i t h i u m s h o u l d g i v e t h e m o s t a n d p o t a s s i u m , t h e l e a s t r e a r ­
r a n g e m e n t i n c o n f o r m i t y w i t h t h e b e t t e r r e d u c i n g p o w e r o f p o t a s s i u m w h i c h 
s h o u l d g i v e a l o w e r c o n c e n t r a t i o n o f f r e e r a d i c a l s . 
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Z i m m e r m a n a n d Z w e i g h a v e r e c e n t l y r e p o r t e d t h e r e a r r a n g e m e n t o f 
2 , 3 - d i p h e n y l p r o p y l l i t h i u m a n d o f 2 - p h e n y l - 2 - ( p - t o l y l ) - p r o p y l l i t h i u m a n d 
c o n c l u d e t h a t t h e s e a r e r e a r r a n g e m e n t s o f c a r b a n i o n s o n t h e b a s i s o f t h e 
g r e a t e r e x t e n t o f m i g r a t i o n o f p h e n y l r a t h e r t h a n p - t o l y l . T h e y a l s o o b ­
s e r v e d t h a t o n l y r e a r r a n g e d p o t a s s i u m a n a l o g s c o u l d b e o b t a i n e d w h i l e m a g ­
n e s i u m a n a l o g s w e r e immune t o r e a r r a n g e m e n t . 
(17) H . E . Z i m m e r m a n a n d Z . Z w e i g , J . A m . Chem. S o c . , 83, H 9 6 
(1961). " ~ ~~ 
1 2 
REACTION OF L-CHLORO-2,2,3-TRIPHENYLPROPANE WITH L I T H I U M . . - - L - C H L O R O - 2 , 2 , 3 -
TRIPHENYLPROPANE WAS REACTED WITH LITHIUM METAL IN TETRAHYDROFURAN AT - 6 5 0 
FOR 3 - L / 2 HOURS BEFORE CARBONATION. THE CARBOXYLIC ACID WHICH RESULTED 
WAS SHOWN TO BE NEARLY PURE 2,3^-TRIPHENYLBUTANOIC ACID AND WAS OBTAINED 
IN 3 1 PER CENT YIELD. A SIMILAR REACTION WAS CARRIED OUT AT - 6 5 ° FOR 3 - L / 2 
HOURS AND WAS THEN WARMED TO 0 ° FOR ONE HOUR BEFORE CARBONATION. A 5 5 P E R 
CENT YIELD OF CARBOXYLIC ACID RESULTED AND THIS ACID WAS SHOWN TO BE NEARLY 
PURE 2,2,4-TRIPHENYLBUTANOIC ACID. A THIRD REACTION WAS CARRIED OUT AT 
- 6 5 ° '^or 3 - L / 2 HOURS AS BEFORE AND THEN, WARMED TO 0 ° FOR ONLY 15 MINUTES 
BEFORE CARBONATION. THE RESULTING hi PER CENT YIELD OF CARBOXYLIC ACID 
WAS SHOWN TO BE AT LEAST 9 8 PER CENT 2,2,4-TRIPHENYLBUTANOIC ACID. THUS 
L-CHLORO-2,2,3-TRIPHENYLPROPANE HAS BEEN FOUND TO REACT WITH LITHIUM TO 
GIVE 2,2,3-TRIPHENYLPROPYLLITHIUM WHICH I S COMPARATIVELY STABLE AT - 6 5 ° 




PH — G — CRn CEL PH 
• • — C (— 
LI+ I I 
PH 
I 
P H C H Q — C — CH PH 
LI+ I I I 
TWO ASPECTS OF THE ABOVE REARRANGEMENT ARE ESPECIALLY INTERESTING. 
IN THE FIRST PLACE ONLY BENZYL MIGRATION WAS NOTED. PHENYL MIGRATION FOL-
1 8 
LOWED BY CARBONATION WOULD HAVE GIVEN THE KNOWN 2 ,3 -DIPHENYL-2-BENZYL-
PROPANOIC ACID ( M . P . 1 2 5 - 1 2 6 ° ) OF WHICH NO EVIDENCE WAS FOUND IN THIS WORK. 
( 1 8 ) K. ZIEGLER AND B . SCHNELL, A N N . , hyj, 2 5 3 ( 1 9 2 4 ) . 
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T h u s a b e n z y l g r o u p o f 2 , 2 , 3 - t r i p h e n y l p r o p y l l i t h i u m m i g r a t e s m o r e r e a d i l y 
t h a n a p h e n y l g r o u p . In t h e s e c o n d p l a c e , I r e a r r a n g e s t o I I m o r e r e a d i l y 
t h a n 2 , 2 , 2 - t r i p h e n y l e t h y l l i t h i u m ( I V ) r e a r r a n g e s t o 1 , 1 , 2 - t r i p h e n y l e t h y l -
l i t h i u m ( V ) s i n c e a t 0° o n l y 
P h P h 
P h - C — C I L ^ L i > P h — C — C H 2 P h 
P h I V L i + V 
6k p e r c e n t o f I V w a s r e a r r a n g e d t o V i n o n e h o u r b u t a t 0° a t l e a s t 98 
p e r c e n t o f I w a s r e a r r a n g e d t o I I i n 15 m i n u t e s . T h i s c o m p a r i s o n o f 
t h e r a t e s o f r e a r r a n g e m e n t o f I a n d I V i s o f i n t e r e s t b e c a u s e o f t h e i r 
c l o s e s i m i l a r i t y i n s t r u c t u r e a n d t h e s i m i l a r i t y o f t h e i r p r o d u c t s o f 
r e a r r a n g e m e n t . 
I f o n e a s s u m e s t h a t t h e r e a r r a n g e m e n t o f I t o I I o r I I I g o e s b y 
w a y o f r e a r r a n g e m e n t o f a c a r b a n i o n , t h e n t h e r e a r r a n g e m e n t o f I t o I I 
g i v e s a c a r b a n i o n w h i c h i s s t a b i l i z e d b y t w o a l p h a - p h e n y l g r o u p s b u t 
r e a r r a n g e m e n t o f I t o I I I g i v e s a c a r b a n i o n w h i c h i s s t a b i l i z e d b y o n l y 
o n e a l p h a - p h e n y l g r o u p . I f o n e a l s o a s s u m e s t h a t t h e t r a n s i t i o n s t a t e s 
f o r t h e s e r e a r r a n g e m e n t s h a v e a t o m i c a n d e l e c t r o n i c c o n f i g u r a t i o n s s o m e ­
w h e r e n e a r m i d w a y b e t w e e n p r o d u c t s a n d r e a c t a n t s , t h e n t h e f a c t o r s w h i c h 
c o n t r i b u t e t o w a r d s t a b i l i z a t i o n o f t h e p r o d u c t w i l l a l s o s t a b i l i z e t h e 
t r a n s i t i o n s t a t e . I f t h i s s t a b i l i z a t i o n i s t h e d o m i n a n t f a c t o r i n t h i s 
r e a r r a n g e m e n t , t h e n o n e w o u l d p r e d i c t m i g r a t i o n o f b e n z y l o v e r p h e n y l 
r e g a r d l e s s o f t h e r e l a t i v e m i g r a t o r y a p t i t u d e s o f t h e s e g r o u p s . H o w e v e r , 
a c o m p a r i s o n b a s e d o n t h e r a t e s o f r e a r r a n g e m e n t o f I a n d I V i s made u n d e r 
m o r e s i m i l a r c o n d i t i o n s s i n c e b o t h r e a r r a n g e m e n t s g i v e c a r b a n i o n s o f a b o u t 
e q u a l s t a b i l i t y ; t h a t b e n z y l m i g r a t i o n o c c u r s h e r e a t a c o n s i d e r a b l y 
1 4 
FASTER RATE THAN PHENYL MIGRATION DEMONSTRATES THE SUPERIOR INTRINSIC 
MIGRATORY APTITUDE OF BENZYL OVER PHENYL IN THE PRESENT REARRANGEMENT. 
1 9 
IN THE WITTIG REARRANGEMENT OF WHICH A TYPICAL EXAMPLE Y I S : 
A CARBANION IS CONVERTED INTO THE LESS BASIC SALT OF AN ALCOHOL. IN 
2 0 2 1 
THESE REARRANGEMENTS OF CARBANIONS, WITTIG, CURT IN AND THEIR CO­
WORKERS OBSERVED THE FOLLOWING ORDER OF DECREASING EASE OF MIGRATION OF 
GROUPS AS THE GROUP WAS VARIED: CH^CHCHG, PHCH 2 > CH^, CH^CH2 > PH. 
.FOR THE REARRANGEMENT OF FREE RADICALS THE MIGRATORY APTITUDE OF BENZYL 
HAS APPARENTLY NOT BEEN DETERMINED. ONE WOULD SUPPOSE THAT THE MIGRATORY 
APTITUDE OF BENZYL WAS LESS THAN THAT OF PHENYL FOR REARRANGEMENTS OF FREE 
RADICALS BECAUSE RADICAL DISPLACEMENTS AT A SATURATED CARBON ATOM ARE VERY 
2 2 
RARE WHILE RADICAL ADDITIONS TO AROMATIC RINGS ARE COMRION. FOR THE 
REARRANGEMENT OF CARBONIUM IONS THE FOLLOWING ORDER OF DECREASING EASE 
2 5 
OF MIGRATION OF GROUPS HAS BEEN OBSERVED: PH > CH_, > II > PHCH N . THUS 
3 2 
THE MIGRATION OF BENZYL RATHER THAN PHENYL IN THE REARRANGEMENT OF 2 , 2 , 3 -
TRIPHENYLPROPYLLITHIUM SEEMS TO BE BEST EXPLAINED AS SUPPORT FOR REARRANGE­
MENT BY A CARBANION MECHANISM. 
PHLI 
CH L I + 
I 3 ... 
0 — CHPH 
L I T CH_, 
_ . . | 3 
* 0 CHPH 
( 1 9 ) G. WITTIG AND L„ LOHMAN, A N N . , 5 5 0 , 2 6 0 ( 1 9 4 2 ) . 
( 2 0 ) G. WITTIG, H. DOSER AND I . LORENZ, ANNO, 5 6 2 , 1 9 2 ( 1 9 4 9 ) . 
(21.) DO YO CURTIN, AND WO R 0 PROOPS, J . AM.. CHEM. S O C , 7 6 , 4 9 4 
( 1 9 5 4 ) O 
( 2 2 ) R. A . HERRMANN AND R. M. NOYES, J . AM. CHEM. S O C , 7 8 , 5 7 6 4 
( 1 9 5 6 ) O 
( 2 3 ) A . W. FORT AND J . D . ROBERTS, J . AM. CHEM. SOC 7 8 , 5 8 4 
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T h e a b o v e a r g u m e n t i s w e a k e n e d s o m e w h a t b y some r e c e n t w o r k o n t h e 
24 
W i t t i g r e a r r a n g e m e n t . S c h o l l k o p f a n d F a b i a n h a v e r e p o r t e d e x t e n s i v e 
r a c e m i z a t i o n i n t h e r e a r r a n g e m e n t o f o p t i c a l l y a c t i v e b e n z y l s e c - b u t y l 
e t h e r . T h i s w a s c o n s i d e r e d a s e v i d e n c e f o r a c l e a v a g e r e c o m b i n a t i o n m e c h ­
a n i s m , s i n c e t h e m i g r a t i n g g r o u p u n d e r w e n t e x t e n s i v e r a c e m i z a t i o n r a t h e r 
t h a n p r e d o m i n a n t r e t e n t i o n a s e x p e c t e d b y t h e c a r b a n i o n m e c h a n i s m ( w h i c h 
m a y b e c o n s i d e r e d a s a n i n t e r n a l n u c l e o p h i l i c s u b s t i t u t i o n ) . L a n s b u r y 
2 5 
a n d P a t t i s o n r e p o r t s u p p o r t f o r t h i s m e c h a n i s m o n t h e b a s i s o f i s o l a t i n g 
p r o d u c t s r e s u l t i n g f r o m c a p t u r e o f t h e i n t e r m e d i a t e a l d e h y d e b y t h e c a r ­
b a n i o n p o r t i o n o f t h e m e t a l l a t i n g b a s e , t h e p r o p o r t i o n o f s u c h p r o d u c t 
( V T l ) i n c r e a s i n g w i t h t h e c a t i o n - s o l v a t i n g a b i l i t y o f t h e s o l v e n t . 
L i H P h - C H - C L i 
P h C H 2 0 R K PhCH—OR P h — C = O L i 
R- \ R ' L i 
P h — C H — O L i 
V I I 
I n a s i m i l a r m a n n e r t h e r e a r r a n g e m e n t o f 2 , 2 , 3 - t r i p h e n y l p r o p y l l i t h -
i u m ( I ) c o u l d p r o c e e d b y e l i m i n a t i o n o f b e n z y l l i t h i u m f o l l o w e d b y a d d i t i o n 
o f t h e b e n z y l l i t h i u m t o t h e r e s u l t i n g d i p h e n y l e t h y l e n e y i e l d i n g 1 , 1 , 3 - t r i -
p h e n y l p r o p y l l i t h i u m ( I I I ) . I f t h e r e a r r a n g e m e n t o c c u r r e d i n t h i s m a n n e r 
P h - P h P h 
l I I 
P h — C — C H L i * P h — C — C H Q — » P h — C - C I L — C H Q — P h 
C H 2 + L i r 
P h ~ PhCH L i I I I 
- + 
(24) U . S c h o l l k o p f a n d W. F a b i a n , A n n . , 642, 1 (1961). 
(25) P . T . L a n s b u r y a n d V . A . P a t t i s o n , A b s t r a c t s o f A m e r i c a n 
C h e m i c a l S o c i e t y M e e t i n g , W a s h i n g t o n , D . C , M a r c h 1962, p . 20-0. 
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t h e m o r e s t a b l e b e n z y l c a r b a n i o n w o u l d b e e x p e c t e d t o b e e l i m i n a t e d i n 
p r e f e r e n c e t o t h e l e s s s t a b l e p h e n y l c a r b a n i o n . T h e r e f o r e t h e o b s e r v e d 
p r o d u c t s c o u l d b e r a t i o n a l i z e d o n t h e b a s i s o f t h i s m e c h a n i s m a l s o . H o w ­
e v e r , i n t h e r e l a t e d r e a r r a n g e m e n t o f 2 - c h l o r o - l , 1 , . 1 - t r i p h e n y l e t h a n e w i t h 
26 
s o d i u m , Z i m m e r m a n a n d S m e n t o w s k i f o u n d t h a t r u n n i n g t h e r e a c t i o n w i t h 
ik 
a d d e d l , l . - d i - p - t o l y l - 2 - p h e n y l e t h y l . e n e o r t r i p h e n y l e t h y l e n e - 2 - C l e d t o 
o n l y m i n o r i n c o r p o r a t i o n o f t h e m a r k e d m o l e c u l e s i n t o t h e p r o d u c t . I n 
t h e r e a r r a n g e m e n t o f 2 - p h e n y l - 2 - ( p - t o l y l ) - p r o p y l l i t h i u m Z i m m e r m a n a n d 
1 7 
Z w e i g e x c l u d e d t h i s m e c h a n i s m b y d e m o n s t r a t i n g t h a t p - t o l y l l i t h i u m d i d 
n o t a d d t o 1 - m e t h y l - l - p h e n y l e t . h y l e n e u n d e r t h e r e a c t i o n c o n d i t i o n s e m ­
p l o y e d f o r t h e r e a r r a n g e m e n t . The r e p o r t s d o n o t e n t i r e l y r u l e o u t t h e 
e l i m i n a t i o n a d d i t i o n m e c h a n i s m f o r r e a r r a n g e m e n t o f 2 , 2 , 3 - t r i p h e n y l p r o p y l ­
l i t h i u m s i n c e t h e e l i m i n a t i o n o f a b e n z y l c a r b a n i o n s h o u l d b e m o r e f a c i l e 
t h a n t h e e l i m i n a t i o n o f p h e n y l o r p - t o l y l a s r e q u i r e d i n t h e a b o v e e x a m p l e s . 
I f t h e e l i m i n a t i o n d i d o c c u r t h e r e a d d i t i o n w o u l d b e e x p e c t e d s i n c e b u t y l -
2 7 
l i t h i u m i s k n o w n t o a d d t o t r i p h e n y l e t h y l e n e . 
R e a c t i o n o f l - C h l o r o - 2 - m e t h y l - 2 - p h e n y l p r o p a n e ( N e o p h y l C h l o r i d e ) w i t h 
L i t h i u m . - - T h e r e a c t i o n o f n e o p h y l c h l o r i d e w i t h l i t h i u m i n t e t r a h y d r o ­
f u r a n a t -65° f o r 3- l /2 h o u r s p r o d u c e d a b r i g h t y e l l o w s o l u t i o n . C a r ­
b o n a t i o n o f t h i s s o l u t i o n p r o d u c e d a 66 p e r c e n t y i e l d o f c a r b o x y l i c 
a c i d w h i c h w a s s h o w n t o b e n e a r l y p u r e 3 - m e t h y l . - 3 - p h e n y l b u t a n o i c a c i d b y 
c o m p a r i s o n w i t h a n a u t h e n t i c s a m p l e . T h u s n e o p h y l c h l o r i d e r e a c t s w i t h 
(26) H . E . Z i m m e r m a n a n d F . J . S m e n t o w s k i , P e t r o l e u m R e s e a r c h 
F u n d R e p o r t N u m b e r T h r e e , A m e r i c a n C h e m i c a l S o c i e t y , W a s h i n g t o n , D . C , 
p . 34. ~" 
(27) A . G . E v a n s a n d D . B . G e o r g e , J . Chem. S o c , l4l (1962). 
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l i t h i u m a t - 6 5 ° t o g i v e 2 - m e t h y l - 2 - p h e n y l p r o p y l l i t h i u m w h i c h i s r e l a ­
t i v e l y s t a b l e a t t h i s t e m p e r a t u r e . S o l u t i o n s o f 2 - m e t h y l - 2 - p h e n y l p r o p y l -
l i t h i u m p r e p a r e d a s d e s c r i b e d a b o v e \rei?e w a r m e d t o v a r i o u s t e m p e r a t u r e s i n 
a n e f f o r t t o o b t a i n a r e a r r a n g e m e n t o f t h e o r g a n o l i t h i u m . c o m p o u n d . S u c h 
a s o l u t i o n w a s w a r m e d t o ^0° f o r k h o u r s a n d c a r b o n a t e d . T h e c a r b o n a t e d 
s o l u t i o n y i e l d e d some k p e r c e n t o f a n a c i d i c y e l l o w o i l . M o s t o f t h e 
n e u t r a l m a t e r i a l o b t a i n e d f r o m t h i s r e e i c t i o n w a s i n a d v e r t e n t l y l o s t b y 
v o l a t i l i z a t i o n w h i l e r e m o v i n g t h e s o l v e n t s i n v a c u o o n t h e s t e a m b a t h . 
T h e a b o v e a c i d i c o i l w a s m e t h y l a t e d w i t h d i a z o m e t h a n e a n d a n a l y z e d b y 
v a p o r - p h a s e c h r o m a t o g r a p h y ( d e t a i l s g i v e n i n e x p e r i m e n t a l c h a p t e r ) . T h e 
a c i d i c o i l w a s s h o w n t o c o n t a i n n o n e o f t h e f o l l o w i n g a c i d s : ^ - m e t h y l -
3 - p h e n y l b u t a n o i c a c i d ; 2 - m e t h y l - 2 - p h e n y l b u t a n o i c a c i d ; 2 , 2 - d i m e t h y l - 3 -
p h e n y l p r o p a n o i c a c i d ; o r t h o - , m e t a - , a n d p a r a - t - b u t y l b e n z o i c a c i d s . T h e 
2 - m e t h y l - 2 - p h e n y l b u t a n o i c a c i d w a s e x p e c t e d i f a m e t h y l g r o u p m i g r a t e d 
a n d 2 , 2 - d i m e t h y l - j 5 - p h e n y l p r o p a n o i c a c i d , i f a p h e n y l g r o u p m i g r a t e d . T h e 
p o s s i b l e o r i g i n o f t h e s u b s t i t u t e d b e n z o i c a c i d s w i l l b e d i s c u s s e d i n t h e 
d e t a i l s o f t h e n e x t r e a c t i o n . T h e v a p o r - p h a s e c h r o m a t o g r a p h y d i d s h o w t h e 
p r e s e n c e o f t h r e e e s t e r s ( r e l a t i v e a m o u n t s o f 32, 29, a n d 6 p e r c e n t b a s e d 
o n m e a s u r e m e n t s o f p e a k a r e a s ) o f v o l a t i l i t i e s ( o r r e t e n t i o n t i m e s ) o f 
a b o u t t h e same m a g n i t u d e a s t h e e s t e r s o f t h e s i x a c i d s m e n t i o n e d a b o v e . 
T h e v e r y s m a l l y i e l d o f c a r b o x y l i c a c i d s o b t a i n e d i n t h e r e a c t i o n 
t h a t w a s w a r m e d t o ^0° f o r f o u r h o u r s s u g g e s t e d t h a t v e r y l i t t l e o r g a n o ­
l i t h i u m c o m p o u n d h a d s u r v i v e d , s o l e s s v i g o r o u s c o n d i t i o n s w e r e t r i e d . 
A n o t h e r s o l u t i o n o f 2 - m e t h y l - 2 - p h e n y l p r o p y l l i t h i u m w a s p r e p a r e d a t - 6 5 ° 
a s b e f o r e a n d a l l o w e d t o w a r m t o 0 ° a n d w a s s t i r r e d a t t h a t t e m p e r a t u r e 
f o r o n e h o u r b e f o r e c a r b o n a t i o n . T h e c a r b o n a t e d s o l u t i o n g a v e a 25 p e r 
1 8 
CENT YIELD OF CARBOXYLIC ACIDS. VAPOR-PHASE CHROMATOGRAPHY OF THESE CAR-
BOXYLIC ACIDS (AS THEIR METHYL ESTERS) GAVE 9 8 PER CENT OF 3-METHYL-3-
PHENYLBUTANOIC ACID AND ABOUT 2 PER CENT OF ORTHO-T-BUTYLBENZOIC ACID 
MOST LIKELY RESULTS FROM AN INTRAMOLECULAR REARRANGEMENT OF 2-METHYL-2-
PHENYLPROPYLLITHIUM IN WHICH THE CARBANION GROUP ABSTRACTS A PROTON FROM 
THE ORTHO-POSITION OF THE ADJACENT PHENYL GROUP AS SHOWN BELOW: 
.CH. 
1 ) c o 2 





. 1 7 ZIMMERMAN AND ZWEIG HAVE REPORTED AN ANALOGOUS ORTHO-SUBSTITUTED BEN­
ZOIC ACID WHICH RESULTED FROM CARBONATION OF 2,2-DIPHENYLPROPYLLITHIUM. 
THE NEUTRAL MATERIAL WHICH RESULTED FROM THE ABOVE REACTION WAS ALSO 
ANALYZED BY VAPOR-PHASE CHROMATOGRAPHY (DETAILS IN EXPERIMENTAL CHAPTER) 
AND FOUND TO CONTAIN 5 8 PER CENT OF 2-METHYL-2-PHENYLPROPANE AND 8 . 4 PER 
CENT OF 2-PHENYLBUTANE AND/OR 2-METHYL-1-PHENYLPROPANE; (NO CONDITIONS 
COULD BE FOUND WHICH WOULD SEPARATE THESE TWO COMPOUNDS). THREE MORE 
COMPOUNDS IN YIELDS OF 5 PER CENT OF EACH WERE SEPARATED WHICH HAD SOME­
WHAT LONGER RETENTION TIMES (UP TO 5 0 PER CENT LONGER) BUT THESE WERE NOT 
IDENTIFIED. THE 2-PHENYLBUTANE COULD ARISE FROM THE ORGANOLITHIUM COM­
POUND RESULTING FROM METHYL MIGRATION AND THE 2-METHYL-L-PHENYLPROPANE 
FROM PHENYL MIGRATION. THAT THE 8 . 4 PER CENT OF REARRANGED HYDROCARBONS 
DID NOT RESULT FROM IMPURITIES IN THE NEOPHYL CHLORIDE WAS SHOWN IN THE 
FOLLOWING MANNER. A SAMPLE OF THE NEOPHYL CHLORIDE USED IN THESE REAC­
TIONS WAS REACTED WITH SODIUM IN DIOXANE--T-AMYL ALCOHOL. THE RESULTING 
19 
h y d r o c a r b o n s w e r e a n a l y z e d b y v a p o r - p h a s e c h r o m a t o g r a p h y a n d s h o w n t o 
c o n t a i n 98.3 P e r c e n t o f 2 - m e t h y l - 2 - p h e n y l p r o p a n e . T h u s a n y i m p u r i t i e s 
i n t h e n e o p h y l c h l o r i d e w e r e f a r l e s s t h a n t h e a m o u n t o f r e a r r a n g e d 
h y d r o c a r b o n f o u n d . 
I n a n o t h e r a t t e m p t t o e f f e c t r e a r r a n g e m e n t a s o l u t i o n o f 2 - m e t h y l -
2 - p h e n y l p r o p y l l i t h i u m , p r e p a r e d a t -65% "was w a r m e d t o 0°, l i q u i d s o d i u m -
p o t a s s i u m a l l o y a d d e d a n d t h e m i x t u r e w a s s t i r r e d a t t h a t t e m p e r a t u r e f o r 
o n e h o u r b e f o r e c a r b o n a t i o n . T h e r e s u l t i n g 16 p e r c e n t y i e l d o f a c i d s w a s 
s u b j e c t e d t o v a p o r - p h a s e c h r o m a t o g r a p h y a n d shown, t o c o n t a i n 88 p e r c e n t 
o f 3 - m e t h y l - j 5 - p h e n y l b u t a n o i c a c i d , 2 p e r c e n t o f o r t h o - t - b u t y l b e n z o i c 
a c i d a n d s m a l l a m o u n t s o f t w o u n i d e n t i f i e d a c i d s w i t h r e t e n t i o n t i m e s i n 
t h e r a n g e o f t h e s i x a c i d s a n a l y z e d f o r b u t i d e n t i c a l t o n o n e o f t h e m . 
T h e n e u t r a l m a t e r i a l i s o l a t e d f r o m t h i s r e a c t i o n w a s a n a l y z e d b y v a p o r -
p h a s e c h r o m a t o g r a p h y a n d f o u n d t o c o n t a i n 30 p e r c e n t 2 - m e t h y l - 2 - p h e n y l p r o -
p a n e a n d 5 p e r c e n t 2 - p h e n y l b u t a n e a n d / o r 2 - m e t h y l - l - p h e n y l p r o p a n e . 
T h u s n e o p h y l c h l o r i d e h a s b e e n f o u n d t o r e a c t w i t h l i t h i u m i n 
t e t r a h y d r o f u r a n a t -65° t o g i v e 2 - m e t h y l - 2 - p h e n y l p r o p y l l i t h i u m w h i c h i s 
f a i r l y s t a b l e a t t h a t t e m p e r a t u r e . H o w e v e r , i t i s o n l y m o d e r a t e l y s t a b l e 
a t 0° a n d i s c o m p l e t e l y d e c o m p o s e d i n f o u r h o u r s a t 30°. No e v i d e n c e f o r 
e i t h e r o f t h e o r g a n o l i t h i u m c o m p o u n d s w h i c h w o u l d r e s u l t f r o m m e t h y l o r 
p h e n y l m i g r a t i o n w a s f o u n d i n t h e a c i d i c p r o d u c t s . I n t h e n e u t r a l p r o ­
d u c t s a s m a l l a m o u n t o f o n e o r b o t h o f t h e h y d r o c a r b o n s w h i c h w o u l d r e s u l t 
f r o m t h e r e a r r a n g e d o r g a n o l i t h i u m c o m p o u n d s i s f o u n d b u t t h e m a j o r h y d r o ­
c a r b o n f o u n d r e s u l t s f r o m t h e u n r e a r r a n g e d o r g a n o l i t h i u m c o m p o u n d . T h e r e ­
f o r e , t h e 2 - m e t h y l - 2 - p . h e n y l p r o p y l l . i t h i u m a p p a r e n t l y i s d e c o m p o s e d ( p r o -
t o n a t e d b y t h e s o l v e n t ) m u c h f a s t e r t h a n i t r e a r r a n g e s . T h e c l e a v a g e o f 
2 0 
t h e e t h e r u s e d a s s o l v e n t i s k n o w n t o b e a s e r i o u s s i d e r e a c t i o n i n t h e 
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p r e p a r a t i o n a n d r e a c t i o n s o f o r g a n o l i t h i u m c o m p o u n d s . G i l m a n a n d G a j 
r e p o r t t h a t s t a b i l i t y d a t a i n d i c a t e t h a t t h e w o r k a b l e t e m p e r a t u r e s f o r 
m e t h y l - , n - b u t y l - a n d p h e n y l l i t h i u m i n t e t r a h y d r o f u r a n a r e 0 ° , b e l o w - 3 0 ° , 
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a n d 0 t o 3 0 ° , r e s p e c t i v e l y . G i l m a n a n d M c N i n c h h a v e f o u n d t h a t i n t h e 
p r e p a r a t i o n o f b e n z y l l i t h i u m i n t e t r a h y d r o f u r a n t e m p e r a t u r e s o f - 5 ° o r 
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b e l o w a r e n e c e s s a r y f o r g o o d y i e l d s o f b e n z y l l i t h i u m . H a n b e i n r e p o r t s 
t h a t t h e o r d e r o f i n c r e a s i n g s t a b i l i t y o f o r g a n o l i t h i u m c o m p o u n d s t o b o i l ­
i n g d i e t h y l e t h e r i s : t - b u t y l < s e c - b u t y l = i s o - p r o p y l = c y c l o h e x y l < 
i s o - b u t y l < n - p r o p y l < e t h y l < n - b u t y l < n - p e n t y l < 1 - n a p t h y l < p h e n y l < 
p - d i m e t h y l a m i n o p h e n y l < p - b i p h e n y l < m e t h y l . 
One o f t h e o r g a n o l i t h i u m c o m p o u n d s e x p e c t e d f r o m r e a r r a n g e m e n t o f 
t h e 2 - m e t h y l - 2 - p h e n y l p r o p y l l i t h i u m w o u l d n o t b e e x p e c t e d t o b e v e r y s t a b l e , 
C H , , L i t 
\ 3 _ + 
P h - C — C H _ L i - — P h — C — C H ^ C H 
/ 2 f 2 3 
CH \ . CH 
^ V I I I ^ I X 
CH 
+ I 3 
L i - C — C H 0 — P h 
i 2 
C E , 
3 X 
T h e s t a r t i n g o r g a n o l i t h i u m c o m p o u n d ( V I I I ) i s a p r i m a r y c a r b a n i o n a n d , 
a s m i g h t b e e x p e c t e d , i s o n l y m o d e r a t e l y s t a b l e a t 0 ° i n t e t r a h y d r o f u r a n . 
P h e n y l m i g r a t i o n w o u l d l e a d t o X w h i c h i s a t e r t i a r y c a r b a n i o n w i t h t h r e e 
( 2 8 ) H . G i l m a n a n d B . J . G a j , J . O r g . C h e m . , 2 2 , .1165 ( 1 9 5 7 ) * 
( 2 9 ) H . G i l m a n a n d H . A . M c N i n c h , i b i d . , 2 6 , 3 7 2 3 ( 1 9 6 1 ) . 
( 3 0 ) A . H . H a n b e i n , I o w a S t a t e C o l l e g e J o u r n a l o f S c i e n c e , 1.8, 48 
( 1 9 4 3 ) o ' 
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ALKYL SUBSTITUENTS AND SHOULD BE VERY UNSTABLE, AS I S T-BUTYLLITHIUM. 
METHYL MIGRATION WOULD LEAD TO IX WHICH I S ALSO A TERTIARY CARBANION BUT 
I S MUCH MORE STABLE SINCE IT I S A SUBSTITUTED BENZYL CARBANION. IT 
SHOULD HAVE COMPARABLE STABILITY TO 1-BENZYL-L-PHENYLETHYLLITHIUM WHICH 
1 7 
ZIMMERMAN AND ZWEIG PREPARED IN REFLUXING DIETHYL ETHER. THEREFORE, I F 
METHYL HAD MIGRATED THE RESULTING ORGANOLITHIUM COMPOUND SHOULD HAVE HAD 
SUFFICIENT STABILITY TO PERMIT ISOLATION AS THE CORRESPONDING ACID. THE 
ORGANOLITHIUM COMPOUND RESULTING FROM PHENYL MIGRATION WOULD NOT BE 
EXPECTED TO BE STABLE ENOUGH TO PERMIT ISOLATION AS THE CORRESPONDING ACID 
BUT WOULD BE RAPIDLY PROTONATED BY THE SOLVENT. THIS COULD ACCOUNT FOR 
SOME OR ALL OF THE 5 -8 PER CENT YIELD OF 2-PHENYLBUTANE AND/OR 2-METHYL-1-
PHENYLPROPANE FOUND BY VAPOR-PHASE CHROMATOGRAPHY. 
STERIC STRAIN SEEMS TO BE AN IMPORTANT FACTOR IN DETERMINING WHETHER 
AN ORGANOMETALLIC COMPOUND WILL UNDERGO REARRANGEMENT. THE 2-METHYL-2-
PHENYLPROPYLLITHIUM MAY HAVE A LACK OF STERIC STRAIN SINCE IT HAS ONLY 
ONE LARGE SUBSTITUENT ON THE BETA-CARBON. THUS FAR ALL OF THE HYDROCAR-
8 I T 
BON carbanions WHICH HAVE BEEN FOUND, IN THIS RESEARCH AND BY ZIMMERMAN ' 
AND CO-WORKERS, TO UNDERGO REARRANGEMENT HAVE HAD A QUATERNARY CARBON, 
BEARING TWO OR THREE LARGE SUBSTITUENTS, WHICH WAS CONVERTED BY REARRANGE­
MENT INTO A TRIGONAL CARBON BEARING ONE LESS LARGE SUBSTITUENT. 
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CHAPTER I I I 
EXPERIMENTAL D E T A I L S 
R e a c t i o n s o f 2 - C h l o r o - l , l , 1 - t r i p h e n y l e t h a n e 
T e t r a h y d r o f u r a n . - - A n h y d r o u s t e t r a h y d r o f u r a n w a s p r e p a r e d b y h e a t i n g a t 
r e f l u x a c o m m e r c i a l g r a d e o f t e t r a h y d r o f u r a n c o n t a i n i n g f i n e l y d i v i d e d 
m o l t e n p o t a s s i u m w h i c h w a s v i g o r o u s l y s t i r r e d i n a M o r t o n h i g h - s p e e d 
5 1 
s t i r r i n g a p p a r a t u s ^ f o r o n e h o u r w i t h f i n a l d i s t i l l a t i o n o f t h e t e t r a ­
h y d r o f u r a n f r o m t h e p o t a s s i u m t h r o u g h a V i g r e u x c o l u m n , 35 c m . i n l e n g t h . 
I n some o f t h e e a r l i e r e x p e r i m e n t s t e t r a h y d r o f u r a n w a s p u r i f i e d b y d i s ­
t i l l a t i o n f r o m t h e s o d i u m a d d i t i o n p r o d u c t o f a n t h r a c e n e . I n t h e e x p e r i ­
m e n t s w i t h l i t h i u m , t e t r a h y d r o f u r a n p u r i f i e d a s a b o v e w a s h e a t e d a t r e f l u x 
w i t h l i t h i u m a l u m i n u m h y d r i d e , a n d t h e n d i s t i l l e d d i r e c t l y i n t o t h e 
a p p a r a t u s f o r c o n d u c t i n g t h e r e a c t i o n w i t h l i t h i u m m e t a l . 
1 , 2 - D i m e t h y o x y e t h a n e . - - E a s t m a n K o d a k w h i t e l a b e l g r a d e 1 , 2 - d i m e t h o x y e -
t h a n e w a s p u r i f i e d o v e r p o t a s s i u m i n t h e same m a n n e r a s f o r t e t r a h y d r o f u r a n . 
T r i e t h y l a m i n e . - - E a s t m a n K o d a k w h i t e l a b e l g r a d e t r i e t h y l a m i n e w a s p u r i f i e d 
b y t r e a t m e n t o f a 500 m l . p o r t i o n w i t h 30 m l * o f b e n z o y l c h l o r i d e a n d 
r e m o v a l o f t h e r e s u l t i n g w h i t e p r e c i p i t a t e b y f i l t r a t i o n , . T h e r e m a i n i n g 
l i q u i d w a s h e a t e d a t r e f l u x f o r o n e h o u r w i t h 30 m l . o f a d d i t i o n a l b e n ­
z o y l c h l o r i d e a n d a f t e r c o o l i n g w a s f i l t e r e d a g a i n . T h e p r o d u c t w a s 
d i s t i l l e d a n d t h e d i s t i l l a t e a l l o w e d t o s t a n d f o r s e v e r a l h o u r s o v e r 
p o t a s s i u m h y d r o x i d e p e l l e t s . T h e r e s u l t i n g c l e a r s o l u t i o n w a s t h e n t r e a t e d 
(31) A . A . M o r t o n a n d L . M . R e d m a n , I n d . E n g . C h e m . , 40, 1 1 9 0 (1948). 
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w i t h p o t a s s i u m i n t h e s a m e m a n n e r a s d e s c r i b e d f o r t e t r a h y d r o f u r a n . 
2 - C h l o r o - l , 1 , 1 - t r i p h e n y l e t h a n e . - - A q u a n t i t y o f t h i s h a l i d e , m . p . 1 0 1 . 0 -
1 0 1 . 8 ° , w h i c h h a d b e e n p r e p a r e d b y D r . E r l i n g G r o v e n s t e i n , J r . ^ w a s a v a i l ­
a b l e . 
T r i p h e n y l s u c c i n i c A n h y d r i d e . - - A s a m p l e o f t h i s a n h y d r i d e , m . p . 1 1 3 - 1 1 4 ° , 
w h i c h h a d b e e n p r e p a r e d b y D r . E r l i n g G r o v e n s t e i n , J r . ^ w a s a v a i l a b l e . 
2 , 2 , 3 - T r i p h e n y l p r o p a n o i c A c i d . — A s a m p l e o f t h i s a c i d , m . p . 1 3 0 . 0 - 1 3 1 . 5 % 
w h i c h h a d b e e n p r e p a r e d b y D r . E r l i n g G r o v e n s t e i n , J r . ^ b y t h e p r o c e d u r e 
5 2 . 
o f R a m a r t w a s a v a i l a b l e . 
D i p h e n y l a c e t i c A c i d . . - - M a t h e s o n , C o l e m a n , a n d B e l l d i p h e n y l a c e t i c a c i d 
w a s p u r i f i e d b y v a c u u m s u b l i m a t i o n , m . p . 1 4 5 - 1 4 7 ° . 
3 , 3 j ^ - T ^ i p n e n y l p r o p a n o i c A c i d . - - T h i s a c i d w a s p r e p a r e d b y t h e m e t h o d o f 
5 5 5 4 F o s s e - ^ a s e l a b o r a t e d b y H e l l e r m a n . A m i x t u r e o f 2 5 . 0 g . ( O . O 9 6 m o l e s ) 
o f t r i p h e n y l c a r b i n o l a n d 1 6 . 5 g . ( 0 . 1 5 9 m o l e s ) o f m a I o n i c a c i d w a s p l a c e d 
i n a 2 5 0 m l . r o u n d b o t t o m e d f l a s k f i t t e d w i t h C l a i s e n h e a d , c o n d e n s e r , a n d 
r e c e i v e r . T h e f l a s k w a s t h e n h e a t e d b y m e a n s o f a n o i l b a t h h e l d a t 1 6 0 ° . 
T h e r e s u l t i n g m e l t e v o l v e d a g a s f o r t w o h o u r s a n d w a s h e l d a t 1 6 0 ° f o r a 
t o t a l o f t h r e e h o u r s . T h e m e l t w a s t h e n p o u r e d i n t o a m o r t a r , a l l o w e d t o 
s o l i d i f y , a n d g r o u n d i n t o a y e l l o w p o w d e r . T h i s p o w d e r w a s a d d e d t o a 
s o l u t i o n o f 1 0 g . o f s o d i u m h y d r o x i d e i n 4 0 0 m l . o f w a t e r a n d h e a t e d o n t h e 
s t e a m b a t h . T h e a q u e o u s s o l u t i o n w a s t h e n c o o l e d , e x t r a c t e d w i t h e t h e r , 
a n d a c i d i f i e d . T h e a c i d i f i c a t i o n y i e l d e d 1 6 . 0 g . ( 5 5 p e r c e n t y i e l d ) o f 
( 3 2 ) P . R a m a r t , B u l l , s o c . c h i m , , ( F r a n c e ) , [ 4 ] 3 5 , 1 9 6 ( 1 9 2 4 ) . 
( 3 3 ) R . F o s s e , C o m p t . r e n d . , 1 4 5 , 1 9 7 ( 1 9 0 7 ) . 
( 3 4 ) L . H e l l e r m a n , J . A m . C h e m . S o c , 4 9 , 1 7 3 5 ( 1 9 2 7 ) . 
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a y e l l o w a c i d . D e c o l o r i z i n g w i t h c h a r c o a l a n d t h r e e r e c r y s t a l l i z a t i o n s 
f r o m e t h a n o l y i e l d e d 10.5 g . o f a c i d o f m . p . I 7 8 . O - I 7 9 . 5 ° . V a c u u m s u b ­
l i m a t i o n o f a 0.50 g . p o r t i o n o f t h i s a c i d a t I 8 5 0 a n d 45 m i c r o n s y i e l d e d 
0.44 g . o f m . p . 179.2-180.3°. 
R e a c t i o n o f 2 - C h l o r o - l , l , 1 - t r i p h e n y l e t h a n e w i t h P o t a s s i u m . - - T h e a p p a r a t u s 
c o n s i s t e d o f a 500 m l . M o r t o n f l a s k ( t w o c r e a s e s , i n v e r t e d c o n e ) a n d a 
M o r t o n h i g h - s p e e d s t i r r e r . To o n e n e c k o f t h e f l a s k a 35 c m . V i g r e u x 
c o l u m n w a s a t t a c h e d t o a c t a s a n a i r - c o o l e d c o n d e n s e r a n d t o t h e o t h e r 
w a s a t t a c h e d , b y l a r g e d i a m e t e r r u b b e r t u b i n g , a f l a s k c o n t a i n i n g t h e 
2 - c h l o r o - l , l , 1 - t r i p h e n y l e t h a n e (10.0 g . , 34.3 m m o l e s ) . To t h e f l a s k w a s 
a d d e d 200 m l . o f p u r i f i e d a n h y d r o u s t e t r a h y d r o f u r a n a n d 4.7 g . (0.12 g . 
a t o m ) o f f r e s h l y c u t p o t a s s i u m m e t a l . T h e a p p a r a t u s w a s s w e p t w i t h n i t r o ­
g e n a n d k e p t u n d e r a n a t m o s p h e r e o f n i t r o g e n . T h e s o l v e n t w a s h e a t e d t o 
t h e b o i l i n g p o i n t , s t i r r i n g w a s c o m m e n c e d , a n d t h e c h l o r i d e w a s d u s t e d 
i n t o t h e r e a c t i o n m i x t u r e o v e r a p e r i o d o f 30 m i n u t e s a n d s t i r r i n g a n d 
h e a t i n g w e r e m a i n t a i n e d f o r a n o t h e r 30 m i n u t e s . T h e f i r s t p o r t i o n o f t h e 
h a l i d e a d d e d c a u s e d a d e e p r e d c o l o r t o a p p e a r i n t h e s o l u t i o n a n d t h e 
f i n a l c o l o r w a s l i k e t h a t o f b r o m i n e . A f t e r c o o l i n g t o r o o m t e m p e r a t u r e , 
t h e c o n t e n t s o f t h e f l a s k w e r e f o r c e d o n t o a l a r g e e x c e s s o f c r u s h e d s o l i d 
c a r b o n d i o x i d e . T h e n e x t d a y 50 m l . o f a b s o l u t e e t h a n o l w a s a d d e d t o d e ­
c o m p o s e a n y u n r e a c t e d p o t a s s i u m . T h e f o l l o w i n g d a y t h e r e a c t i o n m i x t u r e 
w a s made s l i g h t l y a c i d i c b y a d d i t i o n o f g a s e o u s h y d r o g e n c h l o r i d e a n d t h e 
s o l v e n t s w e r e r e m o v e d o n t h e s t e a m b a t h u n d e r p a r t i a l v a c u u m . T h e r e s i d u e 
w a s t r e a t e d w i t h a n e x c e s s o f a q u e o u s s o d i u m h y d r o x i d e a n d 3.4 g . o f n e u ­
t r a l m a t e r i a l w a s e x t r a c t e d w i t h e t h e r . A c i d i f i c a t i o n a n d e x t r a c t i o n w i t h 
e t h e r g a v e , i n t h e e t h e r e x t r a c t , 4.91 g . o f c r u d e a c i d s , m . p . 99-134°. 
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A 3°62 g» sample o f the crude a c i d s in chloroform was s u b j e c t e d to c h r o ­
matography on a column, 3°4 cm. in d i a m e t e r , packed to a he ight o f Ik cm. 
w i t h s i l i c i c a c i d ( M a l l i n c k r o d t , 100 mesh, a n a l y t i c a l reagent g r a d e ) 
wet ted w i t h ch loroform. The column was e lu ted w i t h chloroform c o n t a i n -
ing i n c r e a s i n g amounts o f methanol. The f i r s t a c i d e lu ted from the 
column weighted 3»25 g . and had m.p. 100-120°. One r e c r y s t a l l i z a t i o n o f 
3<»0 g . o f t h i s a c i d from e t h y l a l c o h o l gave 1.7 g . of a c i d , m.p. 129-131° • 
This a c i d was found to be i d e n t i c a l w i t h a u t h e n t i c 2 ,2 ,3 - t r ipheny lpro ­
panoic a c i d (m.p. I .3O .O-I3I .5 ° ) as shown b y mixed mel t ing po int and i n f r a ­
red, s p e c t r a l d e t e r m i n a t i o n s . The second a c i d e lu ted from the column 
weighed O.33 g . and had m.p. 129-l4o°. A O . I 9 3 g . sample of t h i s a c i d 
upon r e c r y s t a l l i z a t i o n from e t h y l a l c o h o l gave O.I36 g . o f a c i d , m.p. 
l40-1.42°. A second r e c r y s t a l l i z a t i o n from e t h y l a l c o h o l gave 0.100 g . , 
m.p. 1^3-145°. A O.O966 go sample of t h i s a c i d was t i t r a t e d w i t h 0.01297 
Normal sodium hydroxide s o l u t i o n to the phenolphthale in end po int and a 
neutral , e q u i v a l e n t o f 219 was o b t a i n e d . This n e u t r a l e q u i v a l e n t i s c l o s e 
to the t h e o r e t i c a l v a l u e o f 212 f o r d i p h e n y l a c e t i c a c i d and much s m a l l e r 
than the v a l u e of 302 f o r a t r i p h e n y l p r o p a n o i c a c i d . A sample o f t h i s 
a c i d obtained in the f o l l o w i n g run b y the same procedure was sublimed a t 
50 microns and a ba th temperature of about 115°. This sublimed a c i d was 
r e c r y s t a l l i z e d from cyc lohexane and had m.p. 1^5-146°. This a c i d was found 
to be i d e n t i c a l * * w i t h a u t h e n t i c d i p h e n y l a c e t i c a c i d , m.p. ik^-lkj0, a s 
The author i s indebted to D r . John Dyer f o r i n s t r u c t i o n in the 
technique of t h i s chromatography. 
*"*T.he author i s indebted t o D r . J a c k Hine f o r f i r s t s u g g e s t i n g d i ­
p h e n y l a c e t i c a c i d f o r the p o s s i b l e i d e n t i t y of t h i s a c i d . 
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s h o w n b y m i x e d m e l t i n g p o i n t a n d i n f r a r e d s p e c t r a l d e t e r m i n a t i o n s . 
A s e c o n d r e a c t i o n b e t w e e n 2 - c h l o r o - l , l , l - t r i p h e n y I e t h a n e a n d p o t a s ­
s i u m m e t a l w a s c a r r i e d o u t e x a c t l y a s i n t h e f i r s t r u n e x c e p t t h a t t h e 
t e t r a h y d r o f u r a n a n d p o t a s s i u m w e r e h e a t e d u n d e r r e f l u x w i t h v i g o r o u s s t i r ­
r i n g f o r 30 m i n u t e s b e f o r e a d d i t i o n o f t h e a l k y l c h l o r i d e . T h i s a p p a r ­
e n t l y r e s u l t e d i n a m u c h d r i e r r e a c t i o n m e d i u m a s e v i d e n c e d b y a c o n s i d ­
e r a b l e i n c r e a s e i n t h e y i e l d o f a c i d s . T h e y i e l d o f a c i d s w a s 7-79 g -
a n d t h i s m a t e r i a l u p o n c h r o m a t o g r a p h y g a v e 6.7 ° f c r u d e 2 , 2 , 3 - t r i p h e n y l ­
p r o p a n o i c a c i d a n d 0 .3I g . o f c r u d e d i p h e n y l a c e t i c a c i d , w i t h m o s t o f t h e 
r e m a i n d e r o f t h e p r o d u c t b e i n g a n i n t e r m e d i a t e f r a c t i o n . 
L i q u i d s o d i u m - p o t a s s i u m a l l o y w a s p r e p a r e d i n t h e u s u a l a p p a r a t u s 
f r o m 4.7 g . o f p o t a s s i u m a n d 0.53 S» ° f s o d i u m i n 200 m l . , o f t e t r a h y d r o ­
f u r a n h e a t e d a t r e f l u x w i t h s t i r r i n g . The m i x t u r e w a s c o o l e d t o r o o m 
t e m p e r a t u r e a n d 1.1.0 g . o f 2 - c h l o r o - l , 1 , 1 - t r i p h e n y l e t h a n e w a s a d d e d o v e r 
a p e r i o d o f 25 m i n u t e s w i t h s t i r r i n g c o n t i n u e d f o r a n a d d i t i o n a l 30 m i n ­
u t e s w h i l e t h e t e m p e r a t u r e was m a i n t a i n e d a t 20 ± 3° w i t h a c o o l i n g b a t h . 
T h e m i x t u r e w a s c a r b o n a t e d a n d w o r k e d u p i n t h e u s u a l m a n n e r t o g i v e 6.22 
go o f a c i d s a n d 3»6 g . o f n e u t r a l p r o d u c t . C h r o m a t o g r a p h y o n s i l i c i c 
a c i d s h o w e d t h a t t h e p r o d u c t w a s p r e d o m i n a t e l y 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c 
a c i d w i t h a b o u t 0.1 g . o f d i p h e n y l a c e t i c a c i d . 
L i q u i d s o d i u m - p o t a s s i u m a l l o y p r e p a r e d a s a b o v e f r o m 6.4 g . o f 
p o t a s s i u m a n d 1.6 g . o f s o d i u m w a s t r e a t e d i n . 250 m l . o f t e t r a h y d r o f u r a n 
a t ± 3° w i t h 10.0 g . o f 2 - c h l o r o - l , 1 , 1 - t r i p h e n y l e t h a n e b y s l o w a d d i t i o n 
o f t h e l a t t e r o v e r a p e r i o d o f 30 m i n u t e s . T h e m i x t u r e w a s t h e n s t i r r e d 
f o r a n a d d i t i o n a l h o u r a t t h i s t e m p e r a t u r e a n d t h e n c a r b o n a t e d . T h e f i r s t 
a d d i t i o n o f t h e h a l i d e t o t h e a l l o y c a u s e d t h e d e v e l o p m e n t o f t h e r e d 
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c o l o r w h i c h r a p i d l y d e e p e n e d a s u s u a l t o t h e c o l o r o f l i q u i d b r o m i n e . T h e 
u s u a l w o r k u p o f t h e r e a c t i o n m i x t u r e y i e l d e d 3*36 g . o f a c i d w h o s e i n f r a ­
r e d s p e c t r u m i n d i c a t e d t h a t i t w a s e s s e n t i a l l y a l l 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c 
a c i d . T h e n e u t r a l m a t e r i a l f r o m t h i s r u n g a v e a s t r o n g p o s i t i v e t e s t f o r 
c h l o r i d e u p o n s o d i u m f u s i o n ; t h e r e f o r e , e v i d e n t l y c o n s i d e r a b l e u n r e a c t e d 
s t a r t i n g m a t e r i a l w a s r e c o v e r e d . 
I n t h e u s u a l a p p a r a t u s 4.72 g . o f p o t a s s i u m m e t a l i n 250 m l . o f 
1 , 2 - d i m e t h o x y e t h a n e w a s h e a t e d a t r e f l u x w i t h s t i r r i n g f o r 10 m i n u t e s a n d 
t h e n , w i t h s t i r r i n g s t o p p e d , t h e m i x t u r e w a s c o o l e d t o t h e f r e e z i n g p o i n t 
o f t h e s o l v e n t (-58°). A f t e r s t i r r i n g f o r 30 m i n u t e s a t t h i s t e m p e r a t u r e 
t h e s o l u t i o n a c q u i r e d a p a l e b l u e c o l o r w h i c h r a p i d l y d e v e l o p e d i n t o a 
d e e p b l u e - b l a c k c o l o r . T h i s c o l o r w a s o b s e r v e d t o p e r s i s t i n t h e t e m ­
p e r a t u r e r a n g e o f -58 t o 35°» W i t h t h e r e a c t i o n m i x t u r e m a i n t a i n e d a t 
-50 ±5% a s m a l l p o r t i o n o f 2 - c h l o r o - l , 1 , 1 - t r i p h e n y l e t h a n e w a s a d d e d . A n 
i m m e d i a t e r e d - b r o w n c o l o r w a s p r o d u c e d a n d a f t e r s t i r r i n g a b o u t 10 m i n u t e s 
m o r e t h e b l u e - b l a c k c o l o r r e a p p e a r e d . A f t e r a p p r o x i m a t e l y o n e g r a m o f t h e 
a l k y l h a l i d e h a d b e e n a d d e d i n t h i s m a n n e r , t h e p o t a s s i u m s a n d s u d d e n l y 
a g g l o m e r a t e d a n d s t i r r i n g h a d t o b e s t o p p e d t o p r e v e n t b i ^ e a k i n g t h e r e a c ­
t i o n v e s s e l . T h e m i x t u r e w a s t h e n c a r b o n a t e d a n d y i e l d e d 0.70 g . o f a c i d s 
a n d O.34 g . o f n e u t r a l m a t e r i a l . T h e a c i d i c f r a c t i o n w a s s u b l i m e d t w i c e 
a t 50 m i c r o n s a n d a t a b a t h t e m p e r a t u r e o f a b o u t 200° t o g i v e 0.34 g . o f 
p a l e y e l l o w c r y s t a l s , m . p . 68-110°. T h e i n f r a r e d s p e c t r u m o f t h i s m a t e r i a l 
s h o w e d t h a t i t c o n t a i n e d t r i p h e n y l s u c c i n i c a n h y d r i d e a n d 2 , 2 , 3 - t r i p h e n y l ­
p r o p a n o i c a c i d . T h i s m i x t u r e w a s t r e a t e d w i t h h y d r a z i n e ( d e t a i l s g i v e n 
i n t h e f o l l o w i n g s e c t i o n o n r e a c t i o n s o f 2 - c h l o r o - l , 1 , 1 - t r i p h e n y l e t h a n e 
w i t h l i t h i u m ) t o g i v e 0.12 g . o f c r u d e c y c l i c t r i p h e n y l s u c c i n i c h y d r a z i d e 
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a n d 0.26 g . o f a c i d i c m a t e r i a l . T h e a c i d i c f r a c t i o n u p o n s i l i c i c a c i d 
c h r o m a t o g r a p h y g a v e 0.11 g . o f e s s e n t i a l l y p u r e 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c 
a c i d w i t h t h e r e m a i n d e r o f t h e a c i d i c f r a c t i o n a l s o b e i n g c h i e f l y t h i s a c i d 
a c c o r d i n g t o i t s i n f r a r e d a b s o r p t i o n s p e c t r u m . 
R e a c t i o n o f 2 - C h l o r o - l , 1 , 1 - t r i p h e n y l e t h a n e w i t h L i t h i u m . - - T h e a p p a r a t u s 
a n d g e n e r a l p r o c e d u r e f o r c o n d u c t i n g t h e r e a c t i o n s w i t h l i t h i u m w a s t h e 
same a s t h a t f o r t h e p o t a s s i u m e x p e r i m e n t s e x c e p t t h a t t h e 2 - c h l o r o - l , 1 , 1 -
t r i p h e n y l e t h a n e (10.0 g . , 34.3 m m o l e s ) was d i s s o l v e d i n 25 m l . o f t e t r a ­
h y d r o f u r a n a n d a d d e d f r o m a d r o p p i n g f u n n e l t h r o u g h a s i d e - a r m o f t h e 
r e a c t i o n f l a s k . I n 250 m l . o f f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n w a s 
p l a c e d 0.62 g . (O.O883 g» a t o m ) o f l i t h i u m r i b b o n c h o p p e d i n t o s m a l l 
p i e c e s . T h e l i t h i u m r i b b o n w a s a l o w - s o d i u m g r a d e (0.005 p e r c e n t Na 
m a x . ) o b t a i n e d f r o m t h e L i t h i u m C o r p . o f A m e r i c a . A s m a l l p o r t i o n o f t h e 
h a l i d e s o l u t i o n w a s a d d e d t o t h e r e a c t i o n m i x t u r e a t -30°, b u t w h e n a f t e r 
kO m i n u t e s a t t h i s t e m p e r a t u r e n o r e a c t i o n w a s a p p a r e n t , t h e t e m p e r a t u r e 
w a s r a i s e d t o -10° a n d a r e d c o l o r w a s o b s e r v e d i n 10 m i n u t e s . A s s o o n 
a s t h e r e d c o l o r w a s n o t i c e d , i n d i c a t i n g r e a c t i o n , t h e r e a c t i o n m i x t u r e 
w a s a g a i n l o w e r e d t o -30 ±5° a n d t h e r e s t o f t h e h a l i d e s o l u t i o n w a s a d d e d 
d r o p w i s e o v e r a p e r i o d o f 30 m i n u t e s . T h e r e a c t i o n m i x t u r e w a s s t i r r e d 
a t -30° f o r a n o t h e r 30 m i n u t e s a n d t h e n c a r b o n a t e d . T h e f i n a l c o l o r o f 
t h e s o l u t i o n , b e f o r e c a r b o n a t i o n , w a s a p u r p l e - b l a c k , v e r y s i m i l a r t o t h a t 
o f p o t a s s i u m p e r m a n g a n a t e s o l u t i o n s . D u r i n g t h e c a r b o n a t i o n s t e p a p p r o x ­
i m a t e l y h a l f o f t h e r e a c t i o n m i x t u r e w a s l o s t b e c a u s e o f e x c e s s i v e f r o t h ­
i n g . A b o u t 25 m l . o f w a t e r w a s a d d e d t o d e c o m p o s e a n y u n r e a c t e d l i t h i u m 
a n d t h e r e a c t i o n m i x t u r e w a s w o r k e d u p i n t h e same m a n n e r a s t h e p o t a s s i u m 
e x p e r i m e n t s . T h e y i e l d w a s 2.35 g . o f n e u t r a l m a t e r i a l a n d 2.82 g . o f 
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a c i d i c m a t e r i a l , m . p . 165-17^°• A 1-9 g« s a m p l e o f t h e a c i d i c m a t e r i a l 
u p o n c h r o m a t o g r a p h y o n s i l i c i c a c i d g a v e 1.8 g . o f a c i d o f m . p . 165-179% 
t h i s a c i d u p o n r e c r y s t a l l i z a t i o n f r o m e t h y l a l c o h o l g a v e 1.1 g . o f a c i d , 
m o p 0 179-180°. T h i s a c i d w a s s h o w n t o b e i d e n t i c a l w i t h a u t h e n t i c 3,3,3-
t r i p h e n y l p r o p a n o i c a c i d , m . p . 179»2-l80.3°, b y a m i x e d m e l t i n g p o i n t 
d e t e r m i n a t i o n a n d b y i n t e r c o m p a r i s o n o f i n f r a r e d s p e c t r a . . T h e r e m a i n ­
i n g 0.1 g . o f a c i d f r o m t h e c h r o m a t o g r a p h y , w h i c h w a s t h e i n i t i a l a c i d t o 
come o f f t h e c o l u m n , w a s n o n c r y s t a l l i n e ; i t s i n f r a r e d s p e c t r u m i n d i c a t e d 
t h a t i t w a s a m i x t u r e o f 3 ^ 3 ^ 3 - t r i p h e n y l p r o p a n o i c a c i d a n d 2 , 2 , 3 - t r i p h e n y l ­
p r o p a n o i c a c i d . 
T h e n e x t r e a c t i o n o f 2 - c h l o r o - l , 1 , 1 - t r i p h e n y l e t h a n e w i t h l i t h i u m 
a t 28 ±3° w a s c a r r i e d o u t o n t h e same s c a l e a n d b y t h e same t e c h n i q u e a s 
f o r t h e f i r s t r e a c t i o n . A n a t t e m p t t o i n i t i a t e t h i s r e a c t i o n a t 66° w a s 
u n s u c c e s s f u l a s j u d g e d b y t h e l a c k o f t h e a p p e a r a n c e o f t h e u s u a l r e d 
c o l o r . A t -10° t w o h o u r s o f v i g o r o u s s t i r r i n g w e r e r e q u i r e d t o i n i t i a t e 
t h e f o r m a t i o n o f t h e r e d c o l o r w h i c h i n d i c a t e d r e a c t i o n . T h e h a l i d e w a s 
t h e n a d d e d d r o p w i s e a t -10° o v e r a p e r i o d o f 30 m i n u t e s . T h e s o l u t i o n 
w a s a l l o w e d t o w a r m t o 28° a n d w a s s t i r r e d a t t h i s t e m p e r a t u r e f o r o n e h o u r 
a n d t h e n c a r b o n a t e d . The u s u a l w o r k - u p y i e l d e d 5O0 g . o f n e u t r a l m a t e r ­
i a l a n d 3«̂ 9 g» ° £ a c i d i c m a t e r i a l . T h e u l t r a v i o l e t a b s o r p t i o n o f t h e 
n e u t r a l m a t e r i a l a t 300 m i l l i m i c r o n s i n d i c a t e d t h e p r e s e n c e o f a b o u t 8 
p e r c e n t b y w e i g h t o f t r i p h e n y l e t h y l e n e . T h e m o l e c u l a r e x t i n c t i o n ( e ) o f 
t r i p h e n y l e t h y l e n e a t 300 m i l l i m i c r o n s i s 20,000.^ C h r o m a t o g r a p h y o f a 2.7 
g . s a m p l e o f t h e a c i d s o n s i l i c i c a c i d g a v e a s a f i r s t f r a c t i o n 0.86 g . 
o f c o m p o u n d , m . p . 109-113% w h i c h w a s i d e n t i f i e d a s t r i p h e n y l s u c c i n i c a n ­
h y d r i d e ( m . p . 113-114°) b y c o m p a r i s o n o f i t s i n f r a r e d s p e c t r u m w i t h t h a t 
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o f a n a u t h e n t i c s a m p l e . A s e c o n d f r a c t i o n o f 1.28 g . , m . p . 119-129°, w a s 
e s s e n t i a l l y 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d a c c o r d i n g t o c o m p a r i s o n o f i t s 
i n f r a r e d s p e c t r u m w i t h t h a t o f a n a u t h e n t i c s a m p l e . Rec l a y s t a l l i z a t i o n o f 
a 0 . 1 2 g . s a m p l e o f t h e s e c o n d f r a c t i o n f r o m e t h y l a l c o h o l g a v e 0.066 g . 
o f a c i d , m . p . 130.5-131°, a s e x p e c t e d f o r p u r e 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c 
a c i d . A t h i r d f r a c t i o n o f 0.^5 g . w a s a g l a s s y m a t e r i a l o f w h i c h o n l y 
h-0 p e r c e n t c o u l d b e d i s t i l l e d a t 20 m i c r o n s a n d a b a t h t e m p e r a t u r e u p t o 
190°; t h e i n f r a r e d s p e c t r u m o f t h e d i s t i l l a t e w a s i d e n t i c a l w i t h t h e s p e c ­
t r u m o f 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d . 
I n a n a t t e m p t t o a n a l y z e m o r e a c c u r a t e l y t h e a c i d m i x t u r e s i n t h e s e 
r e a c t i o n s , t h e f o l l o w i n g m e t h o d o f i n f r a r e d s p e c t r a l a n a l y s i s w a s d e v e l o p e d . 
A l l i n f r a r e d s p e c t r a w e r e d e t e r m i n e d w i t h a P e r k i n - E l m e r d o u b l e b e a m M o d e l 
2 1 i n f r a r e d s p e c t r o m e t e r . T r i p h e n y l s u c c i n i c a n h y d r i d e h a s a c h a r a c t e r i s t i c 
a b s o r p t i o n m a x i m a a t 5 . 5 8 1 m i c r o n s . 2 , 2 , 3 - T r i p h e n y l p r o p a n o i c a c i d h a s a b ­
s o r p t i o n m a x i m a a t 7*900 m i c r o n s a n d 13.856 m i c r o n s w h i c h d i s t i n g u i s h i t 
f r o m 3 j 3 j 3 - " t r i p h e n y l p r o p a n o i c a c i d w h i c h h a s c h a r a c t e r i s t i c a b s o r p t i o n 
m a x i m a a t 8 . I38 m i c r o n s a n d 13.225 m i c r o n s . D i p h e n y l a c e t i c a c i d , w h i c h 
m a y b e p r e s e n t i n s m a l l a m o u n t i n t h e s e a c i d m i x t u r e s , h a s c h a r a c t e r i s t i c 
a b s o r p t i o n m a x i m a a t 9.000 a n d I3.7OO m i c r o n s . D i p h e n y l a c e t i c a c i d h a s 
m o d e r a t e a b s o r p t i o n a t I 3 . 8 5 6 m i c r o n s a n d v e r y w e a k a b s o r p t i o n a t 5»58l> 
7.9OO, 8 . I 3 8 , a n d 13.225 m i c r o n s ; t h e r e f o r e , a s m a l l a m o u n t o f t h i s a c i d 
s h o u l d n o t a f f e c t t h e a c c u r a c y o f t h i s m e t h o d v e r y m u c h . F o r t h e q u a n t i ­
t a t i v e a n a l y s i s s o l u t i o n s c o n t a i n i n g 0.0480 g . o f a c i d i n 1 0 . 0 m l . o f c a r ­
b o n d i s u l f i d e w e r e p l a c e d i n 3 mm. r o c k s a l t c e l l s a n d m e a s u r e d a t t h e f i v e 
w a v e l e n g t h s , e x c e p t f o r p u r e t r i p h e n y l s u c c i n i c a n h y d r i d e w h i c h w a s m e a ­
s u r e d a t 5»58l m i c r o n s u s i n g a s o l u t i o n c o n t a i n i n g 0.0060 g . o f t r i p h e n y l -
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S U C C I N I C A N H Y D R I D E I N 1 0 M L . O F C A R B O N D I S U L F I D E . T H E M O R E D I L U T E A N H Y ­
D R I D E S O L U T I O N W A S N E C E S S A R Y B E C A U S E I T S A B S O R P T I O N A T 5 . 5 8 1 M I C R O N S W A S 
M U C H G R E A T E R T H A N T H E A B S O R P T I O N A T T H E O T H E R F O U R W A V E L E N G T H S . A S E R I E S 
O F C A L I B R A T I O N C U R V E S W E R E P R E P A R E D U S I N G K N O W N M I X T U R E S O F 2 , 2 , 3 - T R I ­
P H E N Y L P R O P A N O I C A C I D A N D 3 ^ 3 ^ 3 - T R I P H E N Y L P R O P A N O I C A C I D . M I X T U R E S C O N ­
T A I N I N G 0 , 2 5 , 5 0 , 7 5 J A N ( I 1 0 0 P E R C E N T O F O N E A C I D A N D T H E R E M A I N D E R O F 
T H E O T H E R A C I D W E R E U S E D . S O L U T I O N S C O N T A I N I N G 0 . 0 4 8 0 G . O F T H E M I X T U R E 
I N 1 0 M L . O F C A R B O N D I S U L F I D E W E R E M E A S U R E D A T 7 * 9 0 0 , 8 . I 3 8 , 1 3 . 2 2 5 , A N D 
1 3 * 8 5 6 M I C R O N S A N D T H E O P T I C A L D E N S I T Y R E A D I N G S O B T A I N E D W E R E P L O T T E D 
A G A I N S T P E R C E N T A G E T O G I V E A S E R I E S O F C U R V E S ( . F I G U R E L ) . U S I N G T H I S 
M E T H O D , M I X T U R E S C O U L D B E A N A L Y Z E D W I T H A N , A C C U R A C Y O F A B O U T T W O P E R 
C E N T W H E N O N L Y A F E W P E R C E N T O F T R I P H E N Y L S U C C I N I C A N H Y D R I D E W A S P R E S E N T . 
W H E N L A R G E R P E R C E N T A G E S O F T H E A N H Y D R I D E W E R E P R E S E N T I N , T H E M I X T U R E S , 
B E T T E R R E S U L T S W E R E O B T A I N E D B Y T H E F O L L O W I N G M A T H E M A T I C A L T R E A T M E N T O F 
T H E D A T A . T H E F O L L O W I N G E X T I N C T I O N C O E F F I C I E N T S F O R B O T H A C I D S A N D T H E 
A N H Y D R I D E W E R E D E T E R M I N E D A T E A C H O F T H E F I V E W A V E L E N G T H S . 
T A B L E 1 . E X T I N C T I O N C O E F F I C I E N T S O F T R I P H E N Y L S U C C I N I C 
A N H Y D R I D E , 2 , 2 , 3 - T R I P H E N Y L P R O P A N O I C A C I D , A N D 
3 , 3 , 3 - T R I P H E N Y L P R O P A N O I C A C I D 
W A V E L E N G T H , 
M I C R O N S T R I P H E N Y L S U C C I N I C 
A N H Y D R I D E 
E X T I N C T I O N C O E F F I C I E N T S 
2 , 2 , 3 - T R I P H E N Y L ­
P R O P A N O I C A C I D 
3 , 3 , 3 - T R I P H E N Y L -
P R O P A N O I C A C I D 
5 . 5 8 1 
7 . 9 O O 
8 . I 3 8 
1 3 . 2 2 5 
I 3 . 8 5 6 
9 8 0 . 0 
4 6 . 5 
1 3 5 . O 
1 2 7 . 0 
6 3 . 7 
6 2 . 7 
3 4 . 6 
1 4 1 . 0 
1 2 2 . 0 
2 3 . 3 2 9 . O 
4 9 . 4 
1 7 9 . 0 
9 7 . 5 
5 ^ . 0 
USING THESE EXTINCTION COEFFICIENTS ( E ) , THE OPTICAL DENSITY ( D ) OF THE 
MIXTURE AT EACH OF THE FIVE WAVE LENGTHS, AND THE FOLLOWING SERIES OF 
EQUATIONS ONE MAY SOLVE FOR THE AMOUNT OF TRIPHENYLSUCCINIC ANHYDRIDE 
(C-^) , 2 , 2 , 3 -T RIPHENYLP.RO PANO IC ACID ( C Q ) , AND 3 ) 3 j 3 ~^7-' IPHENYLPROPANO :IC 
ACID. ( C ^ ) IN THE MIXTURE. AT ONE WAVE LENGTH THE OPTICAL DENSITY OF 
THE MIXTURE IS DETERMINED "BY THE FOLLOWING EQUATIONS 
D = C A F C 2 E 2 4 C 5 E 3 
SUBSTITUTING THE EXTINCTION COEFFICIENTS AT EACH WAVE LENGTH GIVES i 
D L - 980OO C 1 1- 2 3 . 3 C 2 T 2 9 O 0 3 
D 2 - 4 6 . 5 C J- 1 2 ? . 0 0 C 0 + 4 9 . 4 C 
1 3 5 - 0 C X + 6 7 . 7 C 2 + 179OO C 
\ - .127OO C F 3 4 0 6 C 2 T 9 7 . 5 C 5 
D 5 = 6 3 ° 7 C 1 + 1.4.1 OO C 2 + 5 4 . 0 
OOO48O GO/ML. •• = C 1 + C 0 
+ C 3 
SUBSTITUTING THE OPTICAL DENSITY MEASURED AT EACH OF THE FIVE WAVE LENGTH 
INTO THE ABOVE EQUATIONS AND KNOWING THAT . 0 0 4 8 0 GO/ML. I S THE TOTAL CON­
CENTRATION OF ACIDS IN THE SOLUTIONS ANALYZED GIVES SIX SIMULTANEOUS EQUA 
TIONS WITH THREE UNKNOWN.S„ ADDING THREE PAIRS OF THE EQUATIONS GIVES 
THREE SIMULTANEOUS EQUATIONS WITH THREE UNKNOWNS WHICH WERE SOLVED BY THE 
USUAL METHOD. THIS METHOD PROVED, TO BE THE BEST METHOD FOR ANALYZING 
MIXTURES OF THESE ACIDS. 
ANOTHER REACTION OF 2-CHLORO-L,1,1-TRIPHENYLETHANE WITH LITHIUM 
WAS CARRIED OUT ON THE SAME SCALE IN THE USUAL MANNER. REACTION WAS I N I ­
TIATED IN 8 0 MINUTES AFTER ADDITION OF A SMALL AMOUNT OF HALIDE AT - 1 0 ° . 
THE REACTION MIXTURE WAS THEN COOLED TO -55 -5° A N ( L THE REMAINDER OF THE 
3 3 
FIGURE 1 . CALIBRATION CURVES FOR INFRARED ANALYSES OF BINARY MIXTURES 
OF 2,2>3-TRIPHENYLPROPANOIC ACID AND 3>3>3-TRIPHENYLPROPANOIC 
ACID. 
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h a l i d e s o l u t i o n w a s a d d e d o v e r a p e r i o d o f 30 m i n u t e s w i t h s t i r r i n g f o r 
a n a d d i t i o n a l 30 m i n u t e s a t -55° b e f o r e c a r b o n a t i o n . T h e u s u a l w o r k - u p 
y i e l d e d 4.88 g . o f n e u t r a l , m a t e r i a l , a n d 4.46 g . o f a c i d i c m a t e r i a l . T h e 
a c i d i c m a t e r i a l h a d m . p . I 7 3 - I 7 9 0 , w h i c h , i s c l o s e t o t h a t o f p u r e 3,3,3-
t r i p h e n y l p r o p a n o i c a c i d ( m . p . I 7 9 - I 8 O 0 ) . I n f r a r e d s p e c t r a on. a s a m p l e 
s u b l i m e d a t 20 m i c r o n s a n d a b a t h t e m p e r a t u r e o f 200° c o n f i r m e d t h a t t h e 
c r u d e a c i d w a s p r e d o m i n a n t l y 3 j 3 j 3 - t r i p h e n y . l p r o p a n . o i c a c i d a n d s h o w e d t h e 
p r e s e n c e o f a t r a c e ( a b o u t 3 p e r c e n t ) o f 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d 
a n d a b o u t 0.7 p e r c e n t o f t r i p h e n y l s u c c i n i c a n h y d r i d e . P r e s u m a b l y t h e 
2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d r e s u l t e d f r o m 1 , 1 , 2 - t r i p h e n y l e t h y l c a r b a n ­
i o n w h i c h w a s f o r m e d d u r i n g i n i t i a t i o n a t -10° a n d m u s t h a v e b e e n r e s ­
p o n s i b l e f o r t h e d e e p r e d - p u r p l e c o l o r o f t h e s o l u t i o n . A s o d i u m f u s i o n 
t e s t o n t h e n e u t r a l m a t e r i a l g a v e a s t r o n g t e s t f o r c h l o i ' i d e i o n a n d f o l ­
l o w i n g r e a c t i o n s a t l o w t e m p e r a t u r e s w e r e r u n f o r l o n g e r t i m e s . 
A n o t h e r r e a c t i o n o n t h e same s c a l e b e t w e e n t h e h a l i d e a n d l i t h i u m , 
w a s i n i t i a t e d a f t e r s t i r r i n g f o r 3.5 h o u r s a t -10°. T h e m a j o r p o r t i o n 
( a t l e a s t 96 p e r c e n t ) o f t h e h a l i d e w a s a d d e d a t -60 ±5° o v e r a p e r i o d 
o f 30 m i n u t e s a n d t h e r e a c t i o n m i x t u r e w a s s t i r r e d a t t h i s t e m p e r a t u r e 
f o r t h r e e h o u r s b e f o r e c a r b o n a t i o n . T h e u s u a l w o r k - u p y i e l d e d 3°43 g . 
o f n e u t r a l m a t e r i a l a n d 6.42 g . o f a c i d , m . p . 174-176°. I n f r a r e d s p e c ­
t r a l a n a l y s i s o f a s a m p l e o f t h i s a c i d w h i c h h a d b e e n s u b l i m e d a t 20 
m i c r o n s a n d a b a t h t e m p e r a t u r e o f 1.80° s h o w e d t h a t t h e a c i d w a s 94 p e r 
c e n t p u r e 3 , 3 , 3 - t r i p h . e n y l p r o p a n o . i c a c i d c o n t a i n i n g a b o u t 3 P e : r c e n t o f 
2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d a n d a b o u t 3 p e r c e n t o f t r i p h e n y l s u c c i n i c 
a n h y d r i d e . T h e n e u t r a l m a t e r i a l w a s s u b j e c t e d t o a s o d i u m f u s i o n t e s t 
a n d g a v e o n l y a w e a k t e s t f o r c h l o r i d e i o n . 
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A n o t h e r r u n was made e x a c t l y l i k e t h e p r e v i o u s one e x c e p t t h a t 
a f t e r s t i r r i n g f o r t h r e e h o u r s a t -60° i t was a l l o w e d t o warm t o 0° and 
was m a i n t a i n e d a t t h i s t e m p e r a t u r e w i t h s t i r r i n g f o r one h o u r b e f o r e 
c a r b o n a t i o n . The u s u a l workup y i e l d e d 4.21 g . o f n e u t r a l m a t e r i a l and 
5»35 g» ° f a c i d i c m a t e r i a l . C h r o m a t o g r a p h i c s e p a r a t i o n o f t h e a c i d i c 
m a t e r i a l on a column o f s i l i c i c a c i d was n o t v e r y s u c c e s s f u l , p a r t l y 
b e c a u s e t r i p h e n y l s u c c i n i c a n h y d r i d e t e n d e d t o come o f f t h e column b o t h 
i n t h e form of t h e f r e e a c i d and a s t h e a n h y d r i d e . The f o l l o w i n g method 
o f s e p a r a t i o n was b a s e d on t h e r e a c t i o n of t h e a n h y d r i d e w i t h h y d r a z i n e . 
T r i p h e n y l s u c c i n i c a n h y d r i d e (0.50 g . ) and 5.0 m l . o f h y d r a z i n e 
h y d r a t e w e r e p l a c e d i n a f l a s k f i t t e d w i t h a c o n d e n s e r and t h e m i x t u r e 
was h e a t e d on t h e s t e a m b a t h f o r one h o u r . The m i x t u r e was c o o l e d t o 
room t e m p e r a t u r e and t h e c r y s t a l s w h i c h p r e c i p i t a t e d w e r e removed b y 
f i l t r a t i o n and washed w i t h w a t e r . A f t e r d r y i n g i n vacuo a t 78% t h e 
c r y s t a l s had m . p . I 8 O - I 8 I . 5 0 and we ighed 0.50 g . (96 p e r c e n t y i e l d ) . 
The p r o d u c t was s u b l i m e d a t a b a t h t e m p e r a t u r e o f I 9 O - I 96 0 and a p r e s ­
s u r e of 15 m i c r o n s w i t h o u t change i n m e l t i n g p o i n t and gave t h e f o l l o w i n g 
a n a l y s i s . 
A n a l . Found: C, 77.46; H, 5.42; N, 7-94. C a l c d . f o r C ^ H ^ N ^ : 
C, 77.IT; H, 5.30; N, 8.18. 
T h i s compound, t h e r e f o r e , a p p e a r s t o b e a c y c l i c h y d r a z i d e o f 
t r i p h e n y l s u c c i n i c a c i d . 3 , 3 , 3 - T r i p h e n y l p r o p a n o i c a c i d (0.50 g . ) was 
t r e a t e d w i t h 5«0 m l . o f h y d r a z i n e h y d r a t e u n d e r t h e c o n d i t i o n s g i v e n 
a b o v e . A f t e r c o o l i n g t o room t e m p e r a t u r e 150 m l . o f w a t e r was added t o 
A n a l y s i s b y G a l b r a i t h M i c r o a n a l y t i c a l L a b o r a t o r i e s . 
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t h e r e a c t i o n m i x t u r e a n d i t w a s made a c i d i c w i t h h y d r o c h l o r i c a c i d . T h e 
p r e c i p i t a t e d a c i d w a s s e p a r a t e d b y f i l t r a t i o n , w a s h e d w i t h w a t e r a n d 
d r i e d i n v a c u o . T h e y i e l d o f r e c o v e r e d 3 j 3 , 3 - t r i p h e n y l p r o p a n o i c a c i d , 
m . p . I 7 8 - I 8 O 0 , w a s 0.̂ 7 g . (9k p e r c e n t ) . 
2 , 2 , 3 - T r i p h e n y l p r o p a n o i c a c i d (0 .50 g . ) w a s t r e a t e d w i t h h y d r a z i n e 
h y d r a t e u n d e r t h e c o n d i t i o n s g i v e n a b o v e . T h e a b o v e w o r k - u p y i e l d e d 0.̂ 5 
g . o f i m p u r e 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d , m . p . 95-115°• T h i s a c i d 
w a s p u r i f i e d b y r e d i s s o l v i n g i t i n a q u e o u s h y d r a z i n e s o l u t i o n a n d e x t r a c t ­
i n g w i t h t h r e e p o r t i o n s o f c h l o r o f o r m . T h e u s u a l w o r k - u p o f t h e a q u e o u s 
h y d r a z i n e s o l u t i o n a n d v a c u u m s u b l i m a t i o n o f t h e r e s u l t i n g a c i d g a v e 0.35 
g . (70 p e r c e n t ) o f p u r e 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d . 
T h e a c i d s f r o m t h e l a s t r u n a b o v e w e r e s u b l i m e d a t 20 m i c r o n s a n d 
a b a t h t e m p e r a t u r e u p t o 189° w i t h a b o u t 90 p e r c e n t r e c o v e r y o f a c i d s 
a n d r e m o v a l o f a s m a l l a m o u n t o f t a r r y m a t e r i a l ( p r e v i o u s e x p e r i m e n t s 
h a d s h o w n t h a t b o t h o f t h e t r i p h e n y l p r o p a n o i c a c i d a n d t h e a n h y d r i d e 
c o u l d b e s u b l i m e d u n d e r t h e s e c o n d i t i o n s w i t h 90 p e r c e n t o r b e t t e r 
r e c o v e r y o f a c i d s o f u n c h a n g e d m . p . a n d t h a t m o s t o f t h e l o s s w a s d u e t o 
m e c h a n i c a l t r a n s f e r ) . A 1.00 g . s a m p l e o f t h e s u b l i m e d a c i d s a f t e r h e a t ­
i n g f o r o n e h o u r o n t h e s t e a m b a t h w i t h 5*0 m l . o f h y d r a z i n e h y d r a t e a n d 
s t e a m d i s t i l l a t i o n o f m o s t o f t h e e x c e s s h y d r a z i n e g a v e 0.35 g» of" c r u d e 
h y d r a z i d e u p o n e x t r a c t i o n o f t h e a q u e o u s s o l u t i o n w i t h c h l o r o f o r m . A c i d i ­
f i c a t i o n a n d e x t r a c t i o n w i t h e t h e r g a v e 9*69 g * ° f a c i d s . Sub l i m a , t i o n a t 
20 m i c r o n s a n d 180° g a v e 0.59 g * ° f a c i d s . S u b l i m a t i o n a t 20 m i c r o n s a n d 
180° g a v e 0.59 g - o f a c i d s . A n a l y s i s o f t h e s e a c i d s b y i n f r a r e d a b s o r p ­
t i o n b y t h e t e c h n i q u e p r e v i o u s l y d e s c r i b e d g a v e 38 ±8 p e r c e n t 3^3^3 - t r i -
p h e n y l p r o p a n o i c a c i d , 62 ±8 p e r c e n t o f 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d a n d 
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ABOUT 0.5 PER CENT OF TRIPHENYLSUCCINIC ANHYDRIDE. 
ANOTHER REACTION ON THE SAME SCALE OF 2-CHLORO-L,1,1-TRIPHENYL­
ETHANE WITH LITHIUM AT -60° FOR 3.5 HOURS AND THEN AT 0° FOR ONE HOUR AND 
CARBONATION WAS CARRIED OUT. THE USUAL WORK-UP YIELDED 5.17 G» OF NEUTRAL 
MATERIAL AND 3*57 G» OF ACIDIC MATERIAL. THIS ACID MATERIAL WAS REACTED 
WITH HYDRAZINE AS PREVIOUSLY DESCRIBED EXCEPT THAT 95$ HYDRAZINE WAS USED 
INSTEAD OF HYDRAZINE HYDRATE (64 PER CENT HYDRAZINE). THIS GAVE 1.75 G* 
OF CRUDE HYDRAZIDE AND I.36 G. OF ACIDS. THESE ACIDS WERE SUBLIMED AND 
SEPARATED BY CHROMATOGRAPHY ON SILICIC ACID. THE CHROMATOGRAPHY SHOWED 
30 PER CENT 3>3j3-TRIPHENYLPROPANOIC ACID, 60 PER CENT 2,2,3-TRIPHENYL­
PROPANOIC ACID AND THE REMAINDER A MIXTURE OF THESE TWO ACIDS. SINCE THE 
AMOUNT OF CRUDE HYDRAZIDE IN THIS REACTION SEEMED UNUSUALLY LARGE (1-75 G » ) , 
IT WAS SUBJECTED TO VACUUM SUBLIMATION AT 25 MICRONS AND 200° AND ONLY .56 
G. OF HYDRAZIDE SUBLIMED. THE NON-SUBLIMABLE MATERIAL WAS HEATED ON THE 
STEAM BATH FOR TWO HOURS IN 50 ML* OF A TEN PER CENT SOLUTION OF SODIUM 
HYDROXIDE IN ETHYL ALCOHOL. COOLING, EXTRACTION WITH ETHER, ACIDIFICATION 
AND EXTRACTION WITH ETHER YIELDED O.58 g. OF ACIDIC MATERIAL OF WHICH 0.27 
G. COULD BE SUBLIMED UNDER THE USUAL CONDITIONS. THIS 0.27 G. OF ACIDS 
WAS ANALYZED BY THE INFRARED ABSORPTION TECHNIQUE AND FOUND TO CONTAIN 
30 PER CENT TRIPHENYLSUCCINIC ANHYDRIDE, 23 PER CENT 3,3,3-TRIPHENYLPRO-
PANOIC ACID AND 47 PER CENT 2,2,3-TRIPHENYLPROPANOIC ACID. APPARENTLY 
THE 95 P E R CENT HYDRAZINE USED IN THIS REACTION IS SOMEWHAT MORE REACTIVE 
TOWARD THE TWO TRIPHENYLPROPANOIC ACIDS THAN I S HYDRAZINE HYDRATE AND 
LED TO SOME OTHER NEUTRAL IMPURITIES AS WELL. 
A REACTION OF 2-CHLORO-L,1,1-TRIPHENYLETHANE WITH LITHIUM AT -60° 
FOR THREE HOURS AND THEN AT 0° WITH SODIUM-POTASSIUM ALLOY ADDED (6.4 G. 
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O F K A N D 1 . 6 G . O F N A ) F O R O N E H O U R A N D T H E N C A R B O N A T I O N W A S C A R R I E D O U T . 
T H I S R E A C T I O N Y I E L D E D 3 . 8 4 G . O F N E U T R A L M A T E R I A L A N D 5 » 9 1 S « ° £ A C I D I C 
M A T E R I A L . T R E A T M E N T O F T H E A C I D I C M A T E R I A L W I T H 9 5 P E R C E N T H Y D R A Z I N E 
A S D E S C R I B E D A B O V E Y I E L D E D 2 . 7 6 G . O F C R U D E H Y D R A Z I D E A N D 2 . 6 4 G . O F 
A C I D S . T H E S E A C I D S W E R E S U B L I M E D A N D S E P A R A T E D B Y C H R O M A T O G R A P H Y O N 
S I L I C I C A C I D . T H E C H R O M A T O G R A P H Y S H O W E D 2 3 P E R C E N T 3 • J ^ J - T R I P H E N Y L -
P R O P A N O I C A C I D , 7 3 P E R C E N T 2 , 2 , 3 - T R I P H E N Y L P R O P A N O I C A C I D A N D T H E R E ­
M A I N D E R A M I X T U R E O F T H E S E T W O A C I D S . T H E 2 . 7 6 G . O F C R U D E H Y D R A Z I D E 
W A S S U B L I M E D A T 2 5 M I C R O N S A N D 2 0 0 ° A N D 1 . 5 2 G . O F H Y D R A Z I D E S U B L I M E D . 
T H E R E M A I N I N G M A T E R I A L W A S T R E A T E D W I T H S O D I U M H Y D R O X I D E A S D E S C R I B E D 
I N T H E P R E V I O U S E X P E R I M E N T A N D Y I E L D E D O . 3 8 G . O F A C I D I C M A T E R I A L . T H I S 
W A S S U B L I M E D T O G I V E 0 . 3 3 S » ° £ A C I D S W H I C H W E R E A N A L Y Z E D B Y T H E I N F R A R E D 
A B S O R P T I O N T E C H N I Q U E A N D F O U N D T O C O N T A I N 1 4 . 2 P E R C E N T T R I P H E N Y L S U C C I N I C 
A N H Y D R I D E , 3 0 P E R C E N T 3 ; 3 ; 3 - T R I P H E N Y L P R O P A N O I C A C I D A N D 5 6 P E R C E N T 
2 , 2 , 3 - T R I P H E N Y L P R O P A N O I C A C I D . 
A R E A C T I O N T O T E S T T H E E F F E C T O F A D D E D T R I E T H Y L A M I N E W A S M A D E W I T H 
T H E U S U A L Q U A N T I T I E S O F R E A C T A N T S I N 2 0 0 M L . O F T E T R A H Y D R O F U R A N . R E A C ­
T I O N B E T W E E N 2 - C H L O R O - L , 1 , 1 - T R I P H E N Y L E T H A N E A N D L I T H I U M O N T H E U S U A L S C A L E 
W A S I N I T I A T E D A F T E R S T I R R I N G 4 0 M I N U T E S A T - 1 0 ° A N D T H E R E M A I N D E R O F T H E 
H A L I D E S O L U T I O N W A S A D D E D O V E R A P E R I O D O F 3 0 M I N U T E S A T A T E M P E R A T U R E O F 
- 6 5 ± 5 ° » T H E R E A C T I O N M I X T U R E W A S S T I R R E D F O R T W O H O U R S A T T H I S T E M P E R A ­
T U R E A N D T H E N 1 0 0 M L . O F C O L D T R I E T H Y L A M I N E W A S A D D E D W I T H T H E L O W T E M ­
P E R A T U R E B E I N G M A I N T A I N E D . T H E R E W A S A N I M M E D I A T E C O L O R C H A N G E O F T H E 
R E A C T I O N M I X T U R E F R O M D A R K R E D T O L I G H T O R A N G E . T H E R E A C T I O N M I X T U R E W A S 
S T I R R E D A T - 6 5 ° F O R O N E H O U R A N D T H E N C A R B O N A T E D . A T T H E E N D O F T H E P E R I O D 
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o f s t i r r i n g t h e c o l o r o f t h e r e a c t i o n m i x t u r e w a s a g a i n d a r k r e d . T h i s 
r e a c t i o n y i e l d e d 4 . 1 0 g . o f n e u t r a l m a t e r i a l a n d 3 . 1 0 g . o f a c i d i c m a t e r ­
i a l w h i c h m e l t e d a t 1 7 5 . 5 - I 7 8 . O 0 . T h e i n f r a r e d s p e c t r u m c o n f i r m e d t h a t 
t h i s w a s e s s e n t i a l l y p u r e 3^3 j 3 - " t r i p h e n y l p r o p a n o i c a c i d . 
T h r e e a t t e m p t s w e r e made t o e f f e c t r e a c t i o n o n t h e u s u a l s c a l e 
b e t w e e n 2 - c h l o r o - l , 1 , 1 - t r i p h e n y l e t h a n e a n d l i t h i u m a t - 5 0 ° i n 1 , 2 - d i m e t h -
o x y e t h a n e a n d a l l t h r e e w e r e u n s u c c e s s f u l . T h e s e r e a c t i o n s w e r e i n i t i a t e d 
i n t h e u s u a l m a n n e r a t - 1 0 ° a n d t h e u s u a l r e d c o l o r w a s o b s e r v e d . T h e 
r e a c t i o n s w e r e t h e n c o o l e d t o - 5 0 ° a n d s t i r r e d a t t h i s t e m p e r a t u r e f o r 
o n e t o t h r e e h o u r s i n a n a t m o s p h e r e o f h e l i u m o r t h e u s u a l a t m o s p h e r e o f 
n i t r o g e n . A f t e r c a r b o n a t i o n a n d t h e u s u a l w o r k - u p , t h e s e r e a c t i o n s y i e l d e d 
0 . 1 0 t o 0 . 2 0 g . o f a c i d i c m a t e r i a l a n d 8 . 7 0 t o 9 . 1 9 g . o f n e u t r a l m a t e r i a l . 
T h e a c i d i c m a t e r i a l w a s s h o w n b y i n f r a r e d s p e c t r a t o b e p r e d o m i n a n t l y 
t r i p h e n y l s u c c i n i c a n h y d r i d e a n d 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d i n n e a r l y 
e q u a l a m o u n t s . T h e n e u t r a l m a t e r i a l w a s s h o w n t o b e n e a r l y p u r e s t a r t i n g 
c h l o r i d e b y i t s m e l t i n g p o i n t a n d i n f r a r e d s p e c t r u m . 
A r e a c t i o n o n t h e u s u a l s c a l e b e t w e e n 2 - c h l o r o - l , 1 , 1 - t r i p h e n y l ­
e t h a n e a n d l i t h i u m m e t a l i n 1 , 2 - d i m e t h o x y e t h a n e w a s i n i t i a t e d a t - 1 0 ° a n d 
t h e t e m p e r a t u r e l o w e r e d t o - 5 0 ° . T h e r e m a i n d e r o f t h e h a l i d e w a s a d d e d 
a t - 5 0 ° a n d t h e r e a c t i o n w a s s t i r r e d a t t h i s t e m p e r a t u r e f o r t h r e e h o u r s . 
I t w a s t h e n w a r m e d t o 0° a n d s t i r r e d a t t h i s t e m p e r a t u r e f o r o n e h o u r 
a n d c a r b o n a t e d . T h e u s u a l w o r k - u p y i e l d e d 6 . 7 8 g . o f n e u t r a l m a t e r i a l a n d 
1.80 g . o f a c i d i c m a t e r i a l . Two s u b l i m a t i o n s o f t h e a c i d i c m a t e r i a l a t 
1 9 0 o a n d 30 t o 50 m i c r o n s g a v e 1 . 11 g . o f p r o d u c t , m . p . 9 5 - 1 0 5 ° • R e c r y ­
s t a l l i z a t i o n f r o m e t h a n o l g a v e 0 . 8 l g . o f c r y s t a l s , m . p . I O 5 - I O 8 0 , w h o s e 
i n f r a r e d s p e c t r u m s h o w e d t h e s u b s t a n c e t o b e a l m o s t e n t i r e l y t r i p h e n y l s u c ­
c i n i c a n h y d r i d e . 
4o 
REACTIONS OF L-CHLORO-2,2,3-TRIPHENYLPROPANE 
L-CHLORO-2,2,3-TRIPHENYLPROPANE.--THIS CHLORIDE WAS PREPARED BY THE 
55 
PROCEDURE OF DR. E . GROVENSTEIN, J R . A SOLUTION OF 1,1,2-TRIPHENYL-
ETHYLPOTASSIUM WAS PREPARED FROM 7«5 G» ( O . I 9 2 G. ATOM) OF POTASSIUM AND 
2k G. (0.082 MOLE) OF 2-CHLORO-L,1,1-TRIPHENYLETHANE IN 500 ML. OF TETRA­
HYDROFURAN BY THE PROCEDURE PREVIOUSLY DESCRIBED. THE SOLUTION WAS FORCED 
UNDER NITROGEN THROUGH A TUBE CONTAINING A GLASS-WOOL PLUG (TO REMOVE PAR­
TICLES OF UNREACTED POTASSIUM) INTO A ONE LITER ROUND-BOTTOMED FLASK AND 
STORED UNDER NITROGEN OVERNIGHT. THE SOLUTION WAS THEN FORCED BY NITRO­
GEN THROUGH A TUBE INTO 250 ML. OF METHYLENE CHLORIDE (WHICH HAD BEEN 
FRESHLY DISTILLED AND STORED OVER ANHYDROUS CALCIUM SULFATE) CONTAINED 
IN A ONE LITER MORTON FLASK EQUIPPED WITH A MORTON STIRRER. THE ADDI­
TION OF THE 1,1,2-TRIPHENYLETHYLPOTASSIUM TO THE METHYLENE CHLORIDE WAS 
MADE OVER A 15 MINUTE PERIOD WITH VIGOROUS STIRRING AT A TEMPERATURE WHICH 
WAS MAINTAINED AT 15 ±5°» THE SOLUTION WAS FILTERED THROUGH A SINTERED-
GLASS FILTER AND WAS CONCENTRATED ON THE STEAM BATH, FINALLY IN VACUO, TO 
GIVE A BROWN SEMI-CRYSTALLINE MASS. THIS WAS WASHED WITH 15 ML. OF ACE­
TONE GIVING 16.5 G» OF LIGHT TAN CRYSTALS. RECRYSTALLIZATION FROM ACETONE 
GAVE 12.2 G. OF NEARLY WHITE CRYSTALS, M . P . 122-126°. ANOTHER RECRYSTAL­
LIZATION FROM ACETONE GAVE 10.50 G . , M . P . 126-127°• RECRYSTALLIZATION 
FROM ACETONE (WITH ADDED NUCHAR C TO DECOLORIZE) GAVE 8.47 G. OF WHITE 
CRYSTALS, M . P . 128-129°. CONCENTRATION OF THE COMBINED ACETONE SOLUTIONS 
THE AUTHOR I S INDEBTED TO DR. E . GROVENSTEIN, JR.. FOR SUPPLYING 
MUCH OF THE L-CHLORO-2,2,3-TRIPHENYLPROPANE USED IN THESE EXPERIMENTS. 
(35) E . GROVENSTEIN, J R . AND L . P . WILLIAMS, J R . , J . AM. CHEM. 
S O C , 83, 2539 (1961). 
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g a v e b r o w n c r y s t a l s . T h e s e w e r e r e c r y s t a l l i z e d t w i c e f r o m a c e t o n e ( w i t h 
a d d e d N u c h a r C) a n d g a v e 1 . 4 0 g., m . p . 1 2 8 - 1 2 9 ° o r a t o t a l o f 9.87 g . ( 3 8 
p e r c e n t y i e l d ) . 
A n a l . F o u n d : C , 8 1 . 7 8 , 8 2 . 1 8 ; H , 6.39, 6.28; C I , 1 1 . 2 0 , 1 1 . 3 4 . 
C a l c d . f o r C ^ H C I : C , 8 2 . 2 0 ; H , 6 . 2 4 ; C I , 1 1 . 5 6 . 
I t h a s b e e n s h o w n " ^ t h a t t h e h a l i d e o b t a i n e d b y t h i s s y n t h e s i s may 
b e r e d u c e d t o 1 , 2 , 3 - t r i p h e n y l p r o p a n e b y s o d i u m i n d i o x a n e - - t - a m y l a l c o h o l 
a n d t h a t t h e 1 , 2 , 2 - t r i p h e n y l p r o p a n e f r o m t h i s r e a c t i o n w a s i d e n t i c a l w i t h 
a s a m p l e p r e p a r e d f r o m 1 , 1 , 2 - t r i p h e n y l e t h y l p o t a s s i u m a n d m e t h y l i o d i d e . 
3 , 3 , 4 - T r i p h e n y l b u t a n o l - l . - - T o a s o l u t i o n o f 1 , 1 , 2 - t r i p h e n y l e t h y l p o t a s s i u m , 
p r e p a r e d f r o m 1 0 . 0 g . o f 2 - c h l o r o - l , 1 , 1 - t r i p h e n y l e t h a n e a n d 4 . 0 g . o f 
p o t a s s i u m i n 2 5 0 m l . o f t e t r a h y d r o f u r a n , w a s a d d e d 3 . 0 g . o f e t h y l e n e 
o x i d e d i s s o l v e d i n 25 m l . o f t e t r a h y d r o f u r a n . T h e a d d i t i o n w a s made a t 
r o o m t e m p e r a t u r e o v e r a p e r i o d o f ^ 0 m i n u t e s w i t h s t i r r i n g a t r o o m t e m p e r ­
a t u r e c o n t a i n u e d f o r a n a d d i t i o n a l 3 0 m i n u t e s . T h e u n r e a c t e d p o t a s s i u m 
w a s d e c o m p o s e d b y s l o w a d d i t i o n o f t - b u t y l a l c o h o l a n d t h e n t - b u t y l a l c o ­
h o l t o w h i c h w a t e r w a s a d d e d . T h e r e a c t i o n m i x t u r e w a s n e u t r a l i z e d w i t h 
h y d r o c h l o r i c a c i d a n d e v a p o r a t e d o n t h e s t e a m b a t h i n v a c u o t o d r y n e s s . 
T h e r e s i d u e a f t e r a d d i t i o n o f w a t e r w a s e x t r a c t e d w i t h e t h e r a n d t h e e t h e r 
e x t r a c t g a v e 9 . 8 g» of a m o r p h o u s p r o d u c t . Some 4 g . o f t h i s p r o d u c t w a s 
d i s t i l l e d a t 0 . 0 5 mm. a n d a b a t h t e m p e r a t u r e o f I 9 0 0 t o g i v e a p a l e y e l ­
l o w g l a s s w h i c h a f t e r t w o r e c r y s t a l l i z a t i o n s f r o m n - h e x a n e g a v e 1 . 1 6 g . 
o f w h i t e c r y s t a l s , m . p . 1 0 5 - 1 0 8 ° . T h i s p r o d u c t w a s r e d i s t i l l e d i n v a c u o 
a s b e f o r e t o g i v e 1 . 0 1 g . o f c r y s t a l s , m . p . 1 0 7 . 2 - 1 0 8 . 2 ° . F o r a n a l y s i s 
t h i s c o m p o u n d w a s d i s t i l l e d , r e c r y s t a l l i z e d f r o m n - h e x a n e , a n d r e d i s t i l l e d 
t o g i v e 3 , 3 , 4 - t r i p h e n y l b u t a n o l - l , m . p . 1 0 7 . 2 - 1 0 8 . 5 ° . 
42 
A n a l , F o u n d : C , 87.17; H , 7,05. C a l c d . f o r C ^ H ^ O : C , 87.37; 
H , 7.3^. 
T h e r e m a i n d e r o f t h e c r u d e p r o d u c t w a s c h r o m a t o g r a p h e d o n s i l i c i c 
a c i d w i t h c h l o r o f o r m u s e d a s s o l v e n t a n d f o r e l u t i o n . T h e m a i n f r a c t i o n s 
(3-3 g » ) a f t e r r e c r y s t a l l i z a t i o n f r o m n - h e x a n e a n d d i s t i l l a t i o n i n v a c u o 
g a v e 2.35 g . o f 3 , 3 , 4 - t r i p h e n y l b u t a n o l - l , m . p . 104-107°. 
3 , 3 , 4 - T r i p h e n y l b u t a n o i c A c i d . - - O n e g r a m o f 3 , 3 , 4 - t r i p h e n y l b u t a n o l - l , m . p . 
104-107°, w a s d i s s o l v e d i n 22 m l . o f b e n z e n e a n d t h e s o l u t i o n w a s a d d e d 
s l o w l y w i t h s t i r r i n g t o a s o l u t i o n o f 1.26 g . o f N a ^ C r ^ O • 2E^0 i n 7*05 
m l . o f w a t e r , 1.0 m l . o f a c e t i c a c i d a n d 2.0 m l . o f s u l f u r i c a c i d . * D u r i n g 
t h i s a d d i t i o n t h e r e a c t i o n m i x t u r e w a s c o o l e d i n a n i c e b a t h ; a f t e r c o m ­
p l e t i o n o f t h e ' a d d i t i o n t h e r e a c t i o n m i x t u r e w a s a l l o w e d t o w a r m t o r o o m 
t e m p e r a t u r e a n d w a s s t i r r e d f o r f i v e h o u r s . T h e b e n z e n e l a y e r w a s s e p a ­
r a t e d , w a s h e d t w i c e w i t h w a t e r , a n d e x t r a c t e d w i t h f i v e 20 m l . p o r t i o n s o f 
5 p e r c e n t s o d i u m h y d r o x i d e s o l u t i o n . T h e s o d i u m h y d r o x i d e e x t r a c t s a n d 
a s o l i d w h i c h a p p e a r e d d u r i n g t h e e x t r a c t i o n w e r e c o m b i n e d a n d a c i d i f i e d 
w i t h s u l f u r i c a c i d . E x t r a c t i o n o f t h e a c i d i f i e d s o l u t i o n w i t h e t h e r g a v e 
0.74 g . o f a c i d i c m a t e r i a l , m . p . 145-165°« F r o m t h e b e n z e n e l a y e r O.36 g . 
o f n e u t r a l m a t e r i a l w a s r e c o v e r e d . T h e a c i d i c m a t e r i a l w a s s u b l i m e d ( o r 
d i s t i l l e d ) t w i c e a t 40 m i c r o n s a t a b a t h t e m p e r a t u r e o f 1 9 0 ° . T h e s u b ­
l i m a t e a m o u n t e d t o O.32 g. o f a c i d , m . p . , I 6 O - I 7 O 0 , a n d a c o n s i d e r a b l e 
a m o u n t o f n o n - d i s t i l l a b l e b l a c k r e s i d u e r e m a i n e d . T h e a c i d a f t e r t w o 
r e c r y s t a l l i z a t i o n s f r o m b e n z e n e y i e l d e d 0.18 g . o f w h i t e c r y s t a l s , m . p . 
171-174°. A n o t h e r s u b l i m a t i o n g a v e 0.15 g . o f a c i d , m . p . I73-I750. 
T h e a u t h o r i s i n d e b t e d t o D r . J o h n W. H u f f m a n f o r s u g g e s t i n g t h i s 
p r o c e d u r e f o r o x i d a t i o n . 
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A n a t t e m p t t o p r e p a r e 3 , 3 , 4 - t r i p b e n y l b u t a n o i c a c i d b y A r n d t - E i s t e r t 
s y n t h e s i s f r o m 2 , 2 , 3 - t r i p h e n y l p r o p a n o i c a c i d w a s u n s u c c e s s f u l a p p a r e n t l y 
b e c a u s e o f s t e r i c h i n d r a n c e i n t h e r e a c t i o n o f t h e c o r r e s p o n d i n g a c i d 
36 
c h l o r i d e w i t h d i a z o m e t h a n e . 
2 , 2 , 4 - T r i p h e n y l b u t a n o i c A c i d . - - T h e a u t h e n t i c s a m p l e o f 2 , 2 , 4 - t r i p h e n y l -
b u t a n o i c a c i d w a s p r e p a r e d f r o m 1 , 1 , 3 - t r i p h e n y l p r o p a n o l - I w h i c h w a s made 
f r o m 2 - p h e n y l e t h y l m a g n e s i u m b r o m i d e a n d b e n z o p h e n o n e a f t e r t h e m e t h o d o f 
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K h a r a s c h a n d B u r t . I n t h e u s u a l a p p a r a t u s f o r a l k a l i - m e t a l r e a c t i o n s 
w a s p l a c e d I9 .8 g . (0 .8 l g . a t o m ) o f m a g n e s i u m t u r n i n g s a n d 500 m l . o f 
d r y e t h e r . O v e r a p e r i o d o f 75 m i n u t e s 100 g . (0.54 m o l e ) o f 2 - p h e n y l -
e t h y l b r o m i d e w a s s l o w l y a d d e d w i t h s t i r r i n g . A f t e r a d d i t i o n o f t h e b r o ­
m i d e w a s c o m p l e t e d , t h e r e a c t i o n m i x t u r e w a s s t i r r e d a t r e f l u x f o r 20 
m i n u t e s . N e x t 99 g» (0.54 m o l e ) o f b e n z o p h e n o n e i n 200 m l . o f e t h e r w a s 
a d d e d o v e r a p e r i o d o f 45 m i n u t e s a n d s t i r r i n g a t r e f l u x w a s c o n t i n u e d 
f o r a n a d d i t i o n a l 30 m i n u t e s . A f t e r h y d r o l y s i s w i t h a s a t u r a t e d s o l u t i o n 
o f a m m o n i u m c h l o r i d e , t h e c o m b i n e d e t h e r e x t r a c t s y i e l d e d 102 g . o f a 
b r o w n p a r t i a l l y c r y s t a l l i n e m a t e r i a l . Two r e c r y s t a l l i z a t i o n s f r o m e t h y l 
a l c o h o l y i e l d e d 33 g» °f" 1 , 1 , 3 - t r i p h e n y l p r o p a n o l - l , m . p . 86-88° ( r e p o r t e d 
m . p . 86-88°) . 
T h e 1 , 1 , 3 - t r i p h e n . y l p r o p a n o l - l w a s c o n v e r t e d t o i t s m e t h y l e t h e r b y 
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t h e p r o c e d u r e o f Z i e g l e r a n d c o - w o r k e r s . 1 , 1 , 3 - T r i p h e n y l p r o p a n o l - l (28 
g . ) w a s d i s s o l v e d i n 100 m l . o f a n h y d r o u s m e t h a n o l a n d 1 . 2 m l . o f c o n c e n -
(36) W. E . B a c h m a n n a n d W. S . S t r u v e , " O r g a n i c R e a c t i o n s , " V o l . I , 
J o h n W i l e y a n d S o n s , I n c . , New Y o r k , N . Y . , 1942, p . 4 5 . 
(37) M . S . K h a r a s c h a n d J . G . B u r t , J . O r g . C h e m . , 1 6 , 150 ( 1 9 5 1 ) • 
(38) K . Z i e g l e r , K „ R i c h t e r a n d B . S c h n e l l , A n n . , 443, 177 ( 1 9 2 5 ) . 
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t r a t e d s u l f u r i c a c i d w a s a d d e d t o t h i s s o l u t i o n . T h e e t n e r r a p i d l y 
p r e c i p i t a t e d o u t a n d a f t e r s t a n d i n g t w o h o u r s a t r o o m t e m p e r a t u r e t h e 
c r u d e e t h e r w a s o b t a i n e d b y f i l t r a t i o n . One r e c r y s t a l l i z a t i o n f r o m 
a c e t o n e y i e l d e d 21.9 g . (75 p e r c e n t y i e l d ) o f l - m e t h o x y - l , l , 3 ~ t r i -
p h e n y l p r o p a n e , m . p . I O 9 - I I I . 0 ( r e p o r t e d m . p . 111-112°). 
T h e l - m e t h o x y - l , l , 3 - t r i p h e n y l p r o p a n e w a s c l e a v e d b y NaK a l l o y b y 
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t h e p r o c e d u r e o f Z i e g l e r a n d c o - w o r k e r s e x c e p t t h a t i n s t e a d o f s h a k i n g 
w i t h t h e a l l o y , s t i r r i n g w i t h t h e M o r t o n s t i r r e r w a s e m p l o y e d . I n t h e 
u s u a l a p p a r a t u s f o r a l k a l i - m e t a l r e a c t i o n s w a s p l a c e d 21 g . ( a c t u a l l y 
l e s s d u e t o a c c i d e n t a l s p i l l a g e ) o f l - m . e t h o x y - l , l , 3 - t r i p h e n y l p r o p a n e , 250 
m l . o f d i e t h y l e t h e r , a n d 9«0 g . o f N a - K a l l o y (8.0 go o f p o t a s s i u m a n d 
1.0 go o f s o d i u m ) . The r e a c t i o n m i x t u r e w a s s t i r r e d a t r o o m t e m p e r a t u r e 
f o r s i x h o u r s . A t t h i s t i m e 500 m l . o f e t h e r w a s a d d e d ( s o m e o f t h e 
o r i g i n a l d i e t h y l e t h e r h a d b e e n s w e p t o u t b y t h e n i t r o g e n a t m o s p h e r e ) 
a n d a b o u t h a l f o f t h e r e a c t i o n m i x t u r e w a s f o r c e d o n t o p u l v e r i z e d s o l i d 
c a r b o n d i o x i d e . T h e r e m a i n d e r o f t h e r e a c t i o n m i x t u r e w a s r e a c t e d w i t h 
250 m l . o f t - b u t y l a l c o h o l . T h e c a r b o n a t e d m a t e r i a l w a s t r e a t e d w i t h 
a q u e o u s s o d i u m h y d r o x i d e , e x t r a c t e d w i t h e t h e r , a c i d i f i e d a n d e x t r a c t e d 
a g a i n w i t h e t h e r . T h e e t h e r e x t r a c t o f t h e a c i d i f i e d , s o l u t i o n y i e l d e d 
3o19 go o f a c i d i c m a t e r i a l . T h i s m a t e r i a l w a s r e c r y s t a l l i z e d f r o m b e n ­
z e n e t w i c e a n d s u b l i m e d t w i c e a t 30 m i c r o n s a n d a b a t h t e m p e r a t u r e o f 
200° t o y i e l d 1.14 go o f 2 , 2 , 4 - t r i p h e n y l . b u t a n o i c a c i d , m „ p . 186.1-186 o9° 
( r e p o r t e d m . p . l8l°). T h e p a r t o f t h e r e a c t i o n m i x t u r e t h a t w a s t r e a t e d 
w i t h t - b u t y l a l c o h o l , w a s h e a t e d o n t h e s t e a m b a t h a n d t h e s o l v e n t s w e r e 
(39) Ko Z i e g l e r , F . C r o s s m a n n , H . K l e i n e r a n d 0. S c h a f e r , i b i d . , 
k73, 27 (1929)<. 
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r e m o v e d i n v a c u o a t t h a t t e m p e r a t u r e . T h e r e s u l t i n g 6.4j> g . o f v i s c o u s 
m a t e r i a l w a s d i s t i l l e d a t j jO m i c r o n s a n d a b a t h t e m p e r a t u r e o f 155° t ° 
g i v e 5»86 g . o f p a l e y e l l o w c r y s t a l s . T h i s m a t e r i a l w a s r e c r y s t a l l i z e d 
f r o m n - p e n t a n e a n d y i e l d e d 5*51 g« o f 1 , 1 , 3 - t r i p h e n y l p r o p a n e , m . p . 44-45° 
( r e p o r t e d ^ m . p . 4 6 ° ) . 
R e a c t i o n o f l - C h l o r o - 2 , 2 , 3 - t r i p h e n y l p r o p a n e w i t h L i t h i u m a t - 6 5 ° . - - P u r i ­
f i e d t e t r a h y d r o f u r a n (250 m l . ) w a s d i s t i l l e d f r o m l i t h i u m a l u m i n u m h y d r i d e 
i n t o t h e u s u a l a p p a r a t u s f o r a l k a l i - m e t a l r e a c t i o n s . To t h i s s o l v e n t 
w a s a d d e d 0.70 g . (O.O997 g. a t o m ) o f l i t h i u m r i b b o n w h i c h h a d b e e n c u t 
i n t o s m a l l p i e c e s . T h e p r o t e c t i v e p a r a f f i n c o a t i n g o n t h e l i t h i u m r i b ­
b o n w a s r e m o v e d , w i t h d r y b e n z e n e a n d t h e e x c e s s b e n z e n e r e m o v e d b y b l o t ­
t i n g t h e r i b b o n w i t h a p a p e r t o w e l . T h e l i t h i u m r i b b o n w a s o f a l o w - s o d i u m 
g r a d e (0.005 p e r c e n t Na m a x . ) o b t a i n e d f r o m t h e L i t h i u m C o r p . o f A m e r i c a . 
A s m a l l p o r t i o n o f a s o l u t i o n o f 8.0 g . (26.1 m m o l e s ) o f l - c h l o r o - 2 , 2 , 3 -
t r i p h e n y l p r o p a n e i n 25 m l . o f t e t r a h y d r o f u r a n w a s a d d e d . When a f t e r f i v e 
h o u r s o f v i g o r o u s s t i r r i n g a t -10° n o e v i d e n c e o f r e a c t i o n w a s o b t a i n e d , 
0.6 m l . o f m e t h y l i o d i d e w a s a d d e d a n d a r e d c o l o r w a s o b t a i n e d i n a b o u t 
20 m i n u t e s . T h e r e a c t i o n t e m p e r a t u r e w a s l o w e r e d t o -65 15° a n < 3 - " the 
r e m a i n d e r ( a t l e a s t 95 p e r c e n t ) o f t h e l - c h l o r o - 2 , 2 , 3 - t r i p h e n y l p r o p a n e 
w a s a d d e d o v e r a p e r i o d o f 20 m i n u t e s . S t i r r i n g w a s c o n t i n u e d f o r t h r e e 
m o r e h o u r s a t -65° a n d t h e n t h e r e a c t i o n m i x t u r e w a s f o r c e d o n t o p u l v e r ­
i z e d s o l i d c a r b o n d i o x i d e . T h e n e x t d a y t h e r e a c t i o n m i x t u r e w a s a c i d i ­
f i e d w i t h 10 p e r c e n t h y d r o c h l o r i c a c i d , w h i c h r e a c t e d w i t h t h e r e m a i n d e r 
o f t h e l i t h i u m , a n d t h e s o l v e n t s w e r e r e m o v e d i n v a c u o a t s t e a m - b a t h t e m ­
p e r a t u r e . T h e r e s i d u e w a s t r e a t e d w i t h a n e x c e s s o f a q u e o u s s o d i u m 
(40) H . W i e l a n d a n d H . K l o s s , i b i d . . , 470, 216 ( I 9 2 9 ) . 
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h y d r o x i d e a n d 4.18 g . o f n e u t r a l m a t e r i a l w a s e x t r a c t e d w i t h e t h e r . A c i d ­
i f i c a t i o n a n d e x t r a c t i o n w i t h e t h e r g a v e , i n t h e e t h e r e x t r a c t , 3*36 g . o f 
a c i d i c m a t e r i a l , m . p . 157-165°• T h e a c i d i c m a t e r i a l w a s s u b l i m e d a t 0.05 
mm. a t a b a t h t e m p e r a t u r e o f 180-190° t o g i v e 2.63 g . (31 P e r c e n t y i e l d ) 
o f a c i d , m . p . 170-174°. A 100 g . s a m p l e o f t h i s a c i d a f t e r t w o r e c r y s t a l -
l i z a t i o n s f r o m b e n z e n e g a v e 0.73 g» o f a c i d , m . p . 174.5-175-1°• T h i s a c i d 
w a s i d e n t i c a l w i t h a s a m p l e o f 3 , 3 j 4 - t r i p h e n y l b u t a n o i c a c i d ( s y n t h e s i z e d 
b y t h e p r o c e d u r e g i v e n p r e v i o u s l y ) a c c o r d i n g t o m i x e d m e l t i n g p o i n t a n d 
i n f r a r e d s p e c t r a l c o m p a r i s o n s . 
A n a l . F o u n d : C , 83.86; H , 6.l4. C a l c d . f o r ^22R20°2: °' 
H , 6.37. 
T h e n e u t r a l m a t e r i a l f r o m t h i s r u n w a s d i s t i l l e d a t 0.03 mm. a t a 
b a t h t e m p e r a t u r e o f 175° t o g i v e 3.0 g . o f m a t e r i a l , m . p . 80-110°. A 1.0 
g . s a m p l e o f t h i s m a t e r i a l w a s r e c r y s t a l l i z e d t w i c e f r o m e t h a n o l t o g i v e 
0.44 g . o f m a t e r i a l , m . p . 104-ll6 o. T h e i n f r a r e d s p e c t r u m o f t h i s p r o d ­
u c t i n d i c a t e d t h a t i t w a s 1 , 2 , 2 - t r i p h e n y l p r o p a n e c o n t a i n i n g a s m a l l a m o u n t 
o f l - c h l o r o - 2 , 2 , 3 - t r i p h e n y l p r o p a n e . 
R e a c t i o n o f l - C h l o r o - 2 , 2 , 3 - t r i p h e n y l p r o p a n e w i t h L i t h i u m a t -65° a n d t h e n 
a t 0 ° . - - l - C h l o r o - 2 , 2 , 3 - t r i p h e n y l p r o p a n e w a s t r e a t e d w i t h l i t h i u m a t -65° 
i n e x a c t l y t h e same m a n n e r a n d w i t h t h e same q u a n t i t i e s o f r e a c t a n t s a s 
s p e c i f i e d p r e v i o u s l y f o r t h e r e a c t i o n a t -65°. A f t e r t h e t h r e e h o u r s t i r ­
r i n g p e r i o d a t -65 % t h e r e a c t i o n m i x t u r e w a s a l l o w e d t o w a r m t o 0° ( a b o u t 
f i v e m i n u t e s w a s r e q u i r e d t o o b t a i n t h i s t e m p e r a t u r e ) a n d w a s t h e n s t i r r e d 
a t 0° f o r e x a c t l y o n e h o u r . A f t e r c a r b o n a t i o n o f t h e r e a c t i o n m i x t u r e 
a n d i s o l a t i o n o f p r o d u c t s I n t h e m a n n e r d e s c r i b e d f o r t h e p r e v i o u s r e a c ­
t i o n w i t h l i t h i u m , t h e r e w a s o b t a i n e d 2.95 S* ° f n e u t r a l m a t e r i a l a n d 5*05 
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g . o f a c i d i c m a t e r i a l . T h e a c i d i c m a t e r i a l a f t e r s u b l i m a t i o n a t 0 .05 mm. 
a t a b a t h t e m p e r a t u r e o f 2 0 0 - 2 1 0 ° a m o u n t e d t o 4 . 5 6 g . ( 5 5 p e r c e n t y i e l d ) 
o f a c i d , m . p . I 8 3 - I 8 6 0 . A s e c o n d s u b l i m a t i o n g a v e 4.36 g . o f a c i d o f t h e 
same m . p . A p o r t i o n o f t h i s a c i d (2.00 g . ) a f t e r r e c r y s t a l l i z a t i o n f r o m 
b e n z e n e g a v e 1 .85 g . o f c r y s t a l s , m . p . 186.1-187.1°. 
A n a l . F o u n d : C , 83.28, 83.37; H , 6.15, 6.26. C a l c d . f o r C ^ H g 0 : 
c, 83.51; H, 6.37. 
T h i s a c i d g a v e n o d e p r e s s i o n o f m . p . w h e n m i x e d w i t h a n a u t h e n t i c 
s a m p l e o f 2 , 2 , 4 - t r i p h e n y l b u t a n o i c a c i d ( s y n t h e s i z e d b y t h e p r o c e d u r e g i v e n 
p r e v i o u s l y ) , w h i l e a 50/5O m i x t u r e w i t h 3 ^ 3 , 4 - t r i p h e n y l b u t a n o i c a c i d m e l t e d 
a t 148-162°. T h e i n f r a r e d s p e c t r u m o f t h i s a c i d ( e i t h e r a f t e r t h e f i r s t 
s u b l i m a t i o n o r a f t e r r e c r y s t a l l i z a t i o n ) w a s i d e n t i c a l w i t h t h a t o f t h e 
a u t h e n t i c s a m p l e o f 2 , 2 , 4 - t r i p h e n y l b u t a n o i c a c i d . 
I n a n o t h e r r u n a s m a l l p o r t i o n o f a s o l u t i o n o f 10 .0 g . (32.6 mmoles ) 
o f l - c h l o r o - 2 , 2 , 3 - t r i p . h e n y l p r o p a n e i n 25 m l . o f t e t r a h y d r o f u r a n w a s a d d e d 
t o 0.70 g . (O.997 g . a t o m ) o f l i t h i u m I n 250 m l . o f t e t r a h y d r o f u r a n . 
When a f t e r 30 m i n u t e s o f v i g o r o u s s t i r r i n g a t - 1 0 ° n o e v i d e n c e o f r e a c ­
t i o n w a s o b s e r v e d , 0.6 m l . o f m e t h y l i o d i d e w a s a d d e d a n d a r e d c o l o r 
a p p e a r e d a f t e r 2 0 m i n u t e s o f a d d i t i o n a l s t i r r i n g . T h e r e a c t i o n t e m p e r a ­
t u r e w a s l o w e r e d t o -65 ±5° a n d t h e r e m i n d e r ( a t l e a s t 95 P e r c e n t ) o f 
t h e c h l o r i d e w a s a d d e d o v e r a p e r i o d o f 30 m i n u t e s . S t i r r i n g w a s c o n t i n ­
u e d f o r a n a d d i t i o n a l t h r e e h o u r s a t -65°. T h e r e a c t i o n m i x t u r e w a s t h e n 
a l l o w e d t o w a r m w i t h s t i r r i n g t o 0° ( f i v e m i n u t e s w a s r e q u i r e d t o a t t a i n 
t h i s t e m p e r a t u r e ) a n d s t i r r e d a t 0° f o r 15 m i n u t e s b e f o r e c a r b o n a t i o n . 
A f t e r t h e u s u a l i s o l a t i o n p r o c e d u r e , t h e r e w a s o b t a i n e d 4.29 g . o f n e u ­
t r a l m a t e r i a l a n d 4.58 g . o f a c i d i c m a t e r i a l . T h e a c i d i c m a t e r i a l a f t e r 
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S U B L I M A T I O N A T O 0 O 9 M M „ A T A B A T H T E M P E R A T U R E O F 2 0 0 - 2 1 0 ° A M O U N T E D T O 4 . 2 0 
G . ( 4 L P E R C E N T Y I E L D ) O F A C I D , M 0 P 0 1 7 7 - 1 8 5 ° • A F T E R T W O A D D I T I O N A L S U B ­
L I M A T I O N S 3 ° 9 8 go O F A C I D , M . P . 1 . 8 2 - 1 8 7 ° , W A S O B T A I N E D . T H E I N F R A R E D S P E C ­
T R U M O F T H I S A C I D W A S E S S E N T I A L L Y I D E N T I C A L W I T H T H A T O F A N A U T H E N T I C S A M P L E 
O F 2 , 2 , 4 - T R I P H E N Y L B U T A N O I C A C I D . A F I N E L Y G R O U N D M I X T U R E O F 5 P E R C E N T 
3 , 3 , 4 - T R I P H E N Y L B U T A N O I C A C I D A N D 9 5 P E R C E N T 2 , 2 , 4 - T R I P H E N Y L B U T A N O I C A C I D 
M E L T E D A T 1 6 5 - 1 8 4 ° A N D A F T E R R E S O L I D I F I C A T I O N M E L T E D A T A B O U T 1 7 2 - 1 8 4 ° ; 
T H E R E F O R E , I T A P P E A R S L I K E L Y T H A T T H E A C I D O F M . P . 1 8 2 - 1 8 7 ° C O N S I S T E D O F 
2 , 2 , 4 - T R I P H E N Y L B U T A N O I C A C I D W I T H L E S S T H A N 2 M O L E P E R C E N T I M P U R I T Y . A 
P O R T I O N ( 2 . 0 0 G . ) O F T H E A C I D O F M . P . 1 8 2 - 1 8 7 ° W A S R E C R Y S T A L L I Z E D F R O M 
B E N Z E N E A N D T H E N S U B L I M E D I N V A C U O T O G I V E 1 . 8 0 go O F A C I D , M . P . 1 8 6 . 1 -
1 8 7 . 1 ° • T H I S A C I D G A V E N O D E P R E S S I O N W H E N M I X E D W I T H A N A U T H E N T I C S A M P L E 
O F 2 , 2 , 4 - T R I P H E N Y L B U T A N O I C A C I D . 
R E A C T I O N S O F L - C H L O R O - 2 - M E T H Y L - 2 - P H E N Y L P R O P A N E ( N E O P H Y L C H L O R I D E ) 
2 - M E T H Y L - 2 - P H E N Y L P E N T A N O N E - 4 . - - T H I S K E T O N E W A S P R E P A R E D B Y T H E M E T H O D O F 
4 1 
A . H O F F M A N . I N A 5 0 0 M L . E R L E N M E Y E R F L A S K E Q U I P P E D W I T H W A T E R B A T H 
A N D M A G N E T I C S T I R R E R W A S P L A C E D 9 0 . 0 G . ( O 0 6 7 M O L E ) O F A N H Y D R O U S G R A N U ­
L A R A L U M I N U M C H L O R I D E A N D 2 0 0 M L . ( 2 . 2 4 M O L E S ) O F D R Y T H I O P H E N E - F R E E 
B E N Z E N E . T H I S M I X T U R E W A S S T I R R E D W H I L E 5 0 . 0 go ( 0 » 5 1 M O L E ) O F M E S I T Y L 
O X I D E W A S A D D E D D R O P W I S E O V E R A P E R I O D O F O N E H O U R . T H E S T I R R I N G W A S T H E N 
C O N T I N U E D F O R A N O T H E R F O U R H O U R S . T H E M I X T U R E W A S P O U R E D O N T O I C E A N D T H E 
W A T E R S E P A R A T E D , D R I E D O V E R A N H Y D R O U S C A L C I U M S U L F A T E A N D F I L T E R E D . I T 
W A S T H E N D I S T I L L E D A T R E D U C E D P R E S S U R E T O G I V E 4 8 . 0 go ( 5 3 « 4 P E R C E N T 
Y I E L D ) O F P R O D U C T O F B . P . 1 0 5 ° A " T 8 M M . 
( 4 1 ) A . H O F F M A N , J „ A M * C H E M . S O C , 5 1 , 2 5 4 2 ( 1 9 2 9 ) . 
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3 - M E T H Y L - 3 - P H E N Y L B U T A N O I C A C I D . - - T H E P R E P A R A T I O N O F T H I S A C I D W A S A T T E M P T E D 
4 l 
" B Y T H E M E T H O D O F A . H O F F M A N . T H I S P R O C E D U R E C O N S I S T E D O F T R E A T M E N T O F 
2 - M E T H Y L - 2 - P H E N Y L P E N T A N O N E - 4 W I T H S O D I U M H Y P O B R O M I T E S O L U T I O N ; H O W E V E R , 
T H I S P R O C E D U R E F A I L E D T O G I V E A N Y O F T H E D E S I R E D A C I D . T H E K E T O N E W A S 
S U C C E S S F U L L Y O X I D I Z E D T O T H E A C I D W I T H A S O L U T I O N O F P O T A S S I U M H Y P O C H L O R I T E 
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S O L U T I O N P R E P A R E D A C C O R D I N G T O T H E P R O C E D U R E G I V E N I N O R G A N I C S Y N T H E S E S . 
A S O L U T I O N O F O .58 M O L E O F P O T A S S I U M H Y P O C H L O R I T E A N D 10.0 G . (0.057 M O L E ) 
O F 2 - M E T H Y L - 2 - P H E N Y L P E N T A N O N E - 4 W A S S T I R R E D A T R E F L U X F C R 2k H O U R S . A T 
T H I S T I M E T H E R E A C T I O N M I X T U R E W A S T E S T E D F O R H Y P O C H L O R I T E I O N ( W I T H A 
S O L U T I O N O F N A L , H O A C A N D S T A R C H ) W I T H N E G A T I V E R E S U L T S . A N O T H E R O .58 
M O L E O F P O T A S S I U M H Y P O C H L O R I T E W A S A D D E D A N D T H E M I X T U R E S T I R R E D A T R E ­
F L U X F O R A N A D D I T I O N A L 23 H O U R S A T W H I C H T I M E I T G A V E A P O S I T I V E T E S T 
F O R H Y P O C H L O R I T E I O N . T H E E X C E S S P O T A S S I U M H Y P O C H L O R I T E W A S D E S T R O Y E D 
W I T H S O D I U M B I S U L F I T E A N D T H E N E U T R A L O I L W A S E X T R A C T E D W I T H E T H E R . T H E 
A Q U E O U S L A Y E R W A S A C I D I F I E D A N D E X T R A C T E D W I T H E T H E R . T H E E T H E R S O L U T I O N 
W A S D R I E D O V E R A N H Y D R O U S M A G N E S I U M S U L F A T E A N D F I L T E R E D , A N D T H E N T H E 
E T H E R W A S R E M O V E D B Y D I S T I L L A T I O N . T H E R E M A I N I N . G O I L W A S D I S T I L L E D A T 
100-135° A " T 0.20 M M . A N D A C L E A R L I Q U I D W A S O B T A I N E D W H I C H S O L I D I F I E D T O 
G I V E 6.1 G . (6O.5 P E R C E N T Y I E L D ) O F S O F T W H I T E C R Y S T A L S . T H I S 6.1 G . 
O F A C I D W A S S U B L I M E D A T 70-90° A N D A P R E S S U R E O F 150 M I C R O N S T O G I V E 4.33 
G . O F S O F T C R Y S T A L S W H I C H W E R E R E C R Y S T A L L I Z E D F R O M N - P E N T A N E T O G I V E 3.22 
G . W I T H M . P . 46-57°° T W O M O R E S U B L I M A T I O N S A N D T W O M O R E R E C R Y S T A L L I Z A -
4 l 
T I O N S F R O M 1 1 - P E N T A N E G A V E 2.05 G . O F A C I D W I T H M . P . 56.0-58.0°, R E P O R T E D 
M . P . 57.5-58.5°. (42) A . H . B L A T T , " O R G A N I C S Y N T H E S E S , " C O L L . V O L . I I , J O H N W I L E Y 
A N D S O N S , I N C . , N E W Y O R K , N . Y . , 19^3, P . 429. 
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2 - M e t h y l - 2 - p h e n y l b u t a n o i c A c i d . - - A G r i g n a r d r e a c t i o n w a s e m p l o y e d t o p r e ­
p a r e 2 - p h e n y l . - 2 - b u t a n . o l f r o m e t h y l b r o m i d e a n d a c e t o p h e n o n e . T h e a l c o h o l 
w a s c o n v e r t e d t o 2 - p h e n y l - 2 - b u t a n o l m e t h y l e t h e r b y t h e m e t h o d o f W a l l i s 
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a n d B o w m a n . J T r e a t i n g 58 g» (0-39 m o l e ) o f 2 - p h e n y l - 2 - b u t a n o l i n 100 m l . 
(2.48 m o l e s ) o f m e t h y l a l c o h o l w i t h 3.6 m l . o f c o n c e n t r a t e d s u l f u r i c a c i d 
a n d a l l o w i n g t o s t a n d o v e r n i g h t g a v e 39 g . (61.5 p e r c e n t y i e l d ) o f 2-
p h e n y l - 2 - b u t a n o l m e t h y l e t h e r . T h i s e t h e r w a s c o n v e r t e d t o 2 - m e t h y l - 2 -
p h e n y l b u t a n o i c a c i d b y a p r o c e d u r e s i m i l a r t o t h a t u s e d b y W a l l i s a n d 
B o w m a n . F i n e l y d i v i d e d s o d i u m - p o t a s s i u m , a l l o y w a s p r e p a r e d w i t h t h e M o r t o n 
s t i r r e r f r o m 8.0 g . (0.20 g . a t o m ) o f p o t a s s i u m a n d 1.0 g . (0.043 g . a t o m ) 
o f s o d i u m i n 250 m l . o f t e t r a h y d r o f u r a n . T w e n t y g r a m s (0.12 m o l e ) o f t h e 
e t h e r w a s a d d e d d r o p w i s e o v e r a p e r i o d o f 30 m i n u t e s a t r o o m t e m p e r a t u r e 
w i t h r a p i d s t i r r i n g . A r e d c o l o r w a s n o t e d i m m e d i a t e l y u p o n a d d i t i o n o f 
t h e f i r s t f e w d r o p s o f t h e e t h e r . A f t e r s t i r r i n g a n a d d i t i o n a l 10 m i n u t e s 
t h e s t i r r i n g h a d t o b e s t o p p e d b e c a u s e o f a g g l o m e r a t i o n o f t h e r e m a i n i n g 
s o d i u m - p o t a s s i u m a l l o y . T h e r e a c t i o n m i x t u r e w a s a l l o w e d t o s t a n d f o r 
2 - l /2 h o u r s a n d t h e n f o r c e d o n t o s o l i d c a r b o n d i o x i d e . T h e r e a c t i o n m i x ­
t u r e w a s made s l i g h t l y a c i d i c w i t h h y d r o c h l o r i c a c i d a n d t h e s o l v e n t r e ­
m o v e d o n t h e s t e a m b a t h . T h e r e s i d u e w a s t r e a t e d w i t h a n e x c e s s o f a q u e o u s 
s o d i u m h y d r o x i d e a n d e x t r a c t e d w i t h e t h e r . T h e e t h e r e x t r a c t c o n t a i n e d 
3.27 g . o f n e u t r a l m a t e r i a l . A c i d i f i c a t i o n o f t h e a q u e o u s s o l u t i o n a n d 
e x t r a c t i o n w i t h , e t h e r g a v e 9-77 S° (45°5 P e r * c e n t y i e l d ) o f c r u d e a c i d . 
Two s u b l i m a t i o n s a n d a r e c r y s t a l l i z a t i o n f r o m n - p e n t a n e g a v e 4.71 g« o f 
45 
w h i t e c r y s t a l s o f m . p . 57.0-58.0°, r e p o r t e d • m . p . 57-58°. 
(43) E . S . W a l l i s a n d P . I . B o w m a n , J . O r g . C h e m . , 1, 383 (1936). 
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2 , 2 - D i m e t h y l - 3 - p h e n y l p r o p a n o i c A c i d . - - A G r i g n a r d r e a c t i o n b e t w e e n 
b e n z y l c h l o r i d e a n d a c e t o n e w a s u s e d t o p r e p a r e 2 - b e n z y l - 2 - p r o p a n o l i n 
70 p e r c e n t y i e l d . T h e a l c o h o l w a s c o n v e r t e d t o t h e c h l o r i d e b y t h e 
45 
p r o c e d u r e o f B r o w n a n d F l e t c h e r . ' A m i x t u r e o f 167 g . ( 1 . 1 1 m o l e s ) 
o f t h e a l c o h o l a n d 456 m l . (5»45 m o l e s ) o f c o n c e n t r a t e d h y d r o c h l o r i c a c i d 
w a s s h a k e n f o r o n e h o u r i n a s e p a r a t o r y f u n n e l . T h e a q u e o u s l a y e r w a s 
d r a w n o f f a n d r e p l a c e d b y 456 m l . o f f r e s h c o n c e n t r a t e d h y d r o c h l o r i c a c i d 
a n d s h a k e n f o r a n o t h e r h o u r . T h e u p p e r l a y e r w a s s e p a r a t e d a n d d r i e d 
o v e r c a l c i u m c h l o r i d e . D i s t i l l a t i o n , t h r o u g h a v a c u u m - j a c k e t e d c o l u m n 
(1.5 c m . i n d i a m e t e r a n d 87 c m . i n l e n g t h ) p a c k e d w i t h g l a s s h e l i c i e s , 
y i e l d e d 128 g . (68 .5 p e r c e n t y i e l d ) o f 2 - b e n z y l - 2 - c h l o r o p r o p a n e o f b . p . 
6 5 - 6 6 ° a t 4 mm. 
T h i s c h l o r i d e w a s t h e n c o n v e r t e d t o t h e c o r r e s p o n d i n g a c i d b y 
m e a n s o f a G r i g n a r d r e a c t i o n . T h i s r e p r e s e n t s a new m e t h o d o f p r e p a r i n g 
t h i s a c i d . A s o l u t i o n o f 84.2 g . (O . 5O m o l e ) o f 2 - b e n z y l - 2 - c h l o r o p r o p a n e 
i n 200 m l . o f e t h e r w a s s l o w l y a d d e d o v e r a p e r i o d o f l - l / 2 h o u r s t o 12.5 
g . ( O . 5 2 m o l e ) o f m a g n e s i u m t u r n i n g s , a c r y s t a l o f i o d i n e a n d 50 m l . o f 
e t h e r i n t h e u s u a l M o r t o n a p p a r a t u s . S t i r r i n g w a s c o n t i n u e d f o r a n o t h e r 
l / 2 h o u r a t w h i c h t i m e t h e G r i g n a r d r e a g e n t w a s f o r c e d o n t o s o l i d c a r b o n 
d i o x i d e . T h e r e a c t i o n m i x t u r e w a s a c i d i f i e d w i t h d i l u t e h y d r o c h l o r i c a c i d 
a n d t h e o r g a n i c m a t e r i a l w a s e x t r a c t e d w i t h f o u r 100 m l . p o r t i o n s o f 
e t h e r . T h e r e s u l t i n g e t h e r s o l u t i o n w a s e x t r a c t e d w i t h f o u r 100 m l . p o r ­
t i o n s o f a q u e o u s s o d i u m h y d r o x i d e . On a c i d i f i c a t i o n o f t h e s o d i u m h y d r o x i d e 
( 4 4 ) V . G r i g n a r d , C o m p . r e n d . , 130, 1̂ 22 (1900). 
(45 ) H . C . B r o w n a n d R. S . F l e t c h e r , J . A m . C h e m . S o c , 7 1 , 1845 
( 1 9 4 9 ) . 
52 
s o l u t i o n , a n o i l s e p a r a t e d w h i c h w a s t a k e n u p i n e t h e r a n d d r i e d o v e r 
m a g n e s i u m s u l f a t e . R e m o v a l o f t h e e t h e r y i e l d e d 9°0 g . (10 p e r c e n t 
y i e l d ) o f w h i t e c r y s t a l s , m . p . 53-57°° Two s u b l i m a t i o n s a n d o n e r e c r y ­
s t a l l i z a t i o n f r o m n - p e n t a n e g a v e 7°̂ 7 g» o f 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o -
46 
p a n o i c a c i d , m . p . 57°0-58.0°, r e p o r t e d m . p . 56.5-58.0°. 
M i x e d m e l t i n g p o i n t s o f 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d , 
2 - m e t h y l - 2 - p h e n y l b u t a n o i c a c i d a n d 3 - m e l h y l - 3 - p h e n y l b u t a n o i c a c i d w e r e 
t a k e n . A 50-50 m i x t u r e o f a n y t w o o f t h e a b o v e t h r e e i s o m e r i c a c i d s 
m e l t e d b e l o w r o o m t e m p e r a t u r e . 
2 - M e t h y l - 1 - p h e n y l p r o p a n e . - - T h i s h y d r o c a r b o n w a s p r e p a r e d f r o m 2 - b e n z y l -
2 - c h l o r o p r o p a n e w h i c h h a d b e e n p r e p a r e d b y t h e m e t h o d g i v e n p r e v i o u s l y . 
A t h r e e - n e c k e d 300 m l . r o u n d - b o t t o m e d f l a s k w a s f i t t e d w i t h c o n d e n s e r , 
d r o p p i n g f u n n e l , a n d m a g n e t i c s t i r r e r . F i f t y m i l l i l i t e r s o f d r y e t h e r 
3.4 g . (0.l4 m o l e ) o f m a g n e s i u m t u r n i n g s a n d a c r y s t a l o f i o d i n e w a s p l a c e d 
i n t h e f l a s k . A s o l u t i o n o f 25 g . (0.l4 m o l e ) o f 2 - b e n z y l - 2 - c h l o r o p r o p a n e 
i n 100 m l . o f d r y e t h e r w a s a d d e d o v e r a p e r i o d o f o n e h o u r . T h e m i x t u r e 
w a s s t i r r e d a t r e f l u x f o r 2-1/2 h o u r s a n d t h e n h y d r o l y z e d w i t h a n a q u e o u s 
a m m o n i u m c h l o r i d e s o l u t i o n . T h e o r g a n i c m a t e r i a l w a s e x t r a c t e d w i t h t h r e e 
100 m l . p o r t i o n s o f e t h e r . T h e c o m b i n e d e t h e r e x t r a c t s w e r e d r i e d o v e r 
a n h y d r o u s m a g n e s i u m s u l f a t e , f i l t e r e d a n d t h e e t h e r w a s r e m o v e d o n t h e 
s t e a m b a t h . D i s t i l l a t i o n o f t h e r e s i d u e g a v e 10.55 g . (53 p e r c e n t y i e l d ) 
o f 2 - m e t h y l - l - p h e n y l p r o p a n e , b . p . I 5 8 0 a t a t m o s p h e r i c p r e s s u r e , r e p o r t e d 
b . p . 171.4°. T h i s p r o d u c t w a s a n a l y z e d b y v a p o r - p h a s e c h r o m a t o g r a p h y 
(46) A . H a l l e r a n d E . B a u e r , C o m p t . r e n d . , 1 4 9 , 5 ( 1 9 0 9 ) . 
(47) " H a n d b o o k o f C h e m i s t r y a n d P h y s i c s , " C h e m i c a l R u b b e r P u b l i s h ­
i n g C o . , T h i r t y - s e c o n d E d i t i o n , C l e v e l a n d , O h i o , 1950, p . 73̂  • 
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( d e t a i l s g i v e n i n a l a t e r s e c t i o n ) and found to be 94 pe r cent p u r e . 
2 - P h e n y l b u t a n e . - - T h i s hydrocarbon was prepared from 2 -pheny l - 2 -bu tano l 
methy l e t h e r t h a t was prepared i n the s y n t h e s i s o f 2 -methy l - 2 -pheny l -
b u t a n o i c a c i d . F o r t y grams (0.24 mole) o f the e t h e r was c leaved w i t h 
sodium-potassium a l l o y , 2 g . (.086 g . atom) sodium and 16 g . (0.4l g . 
atom) p o t a s s i u m , i n the manner d e s c r i b e d i n the s y n t h e s i s o f 2 -methyl -2 -
p h e n y l b u t a n o i c a c i d . A f t e r the e t h e r was r e a c t e d w i t h the sod ium-potas ­
sium a l l o y , t - b u t y l a l c o h o l was added and then e t h a n o l u n t i l a l l o f the 
excess sodium-potassium a l l o y was consumed. The r e s u l t i n g m i x t u r e was 
a c i d i f i e d and the s o l v e n t s removed on the steam b a t h . S e v e r a l hundred 
m i l l i l i t e r s o f wa te r was added t o the r e s i d u e and the r e s u l t i n g m i x t u r e 
was e x t r a c t e d w i t h t h r e e 125 m l . p o r t i o n s o f e t h e r . The combined e t h e r 
e x t r a c t s were d r i e d o v e r anhydrous magnesium s u l f a t e and f i l t e r e d . The 
e t h e r was removed on the steam b a t h . I n i t i a l at tempts t o d i s t i l l the 
r e s i d u e f a i l e d because o f e x t e n s i v e f r o t h i n g . The r e s i d u e was f l a s h 
d i s t i l l e d i n a C l a i s e n f l a s k f i t t e d w i t h d r o p p i n g f u n n e l , thermometer, 
condenser and r e c e i v e r . The r e s i d u e was added dropwise t o the C l a i s e n 
f l a s k w h i c h was heated by an o i l b a t h mainta ined a t 250°. The r e s i d u e 
d i s t i l l e d a t an i n d i c a t e d 150-160°. The d i s t i l l a t e was r e d i s t i l l e d t h r o u g h 
an e l e c t r i c a l l y heated v i g r e u x column (1.0 cm. i n d iameter and 25 cm. i n 
l e n g t h ) and gave 11.0 g . (33°6 p e r cent y i e l d ) o f 2 -pheny lbutane , b . p . 
48 
I 7 I . 5 ° a t a tmospher ic p r e s s u r e , r e p o r t e d b . p . 169-170°. T h i s p r o d u c t 
was a n a l y z e d b y vapor -phase chromatography and found t o be 98 p e r cent 
p u r e . 
(48) Ho Meyer and K . Bernhauer , M o n a t s h . , 53/54, 721 (1929). 
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2-METHYL-2-PHENYLPROPANE.--MATHESON WHITE LABEL GRADE WAS USED WITHOUT 
FURTHER PURIFICATION. THIS MATERIAL WAS ANALYZED BY VAPOR-PHASE CHROMA­
TOGRAPHY AND FOUND TO BE 100 PER CENT PURE. 
ORTHO-T-BUTYLTOLUENE.--THIS HYDROCARBON WAS PREPARED BY THE METHOD OF 
SERIJAN AND CO-WORKERS. Y A SOLUTION OF 513*0 G. (3.0 MOLES) OF ORTHO-
BROMOTOLUENE IN 200 ML. OF ANHYDROUS ETHER WAS ADDED TO A STIRRED MIXTURE 
OF 80.2 G. (3-3 MOLES) OF MAGNESIUM TURNINGS IN 500 ML. OF ANHYDROUS ETHER 
OVER A PERIOD OF TWO HOURS. THE RESULTING MIXTURE WAS STIRRED FOR AN AD­
DITIONAL 3-L/4 HOURS. THEN A SOLUTION OF 250.0 G. (2.7 MOLES) OF T-BUTYL 
CHLORIDE IN 200 ML. OF ETHER WAS ADDED WITH STIRRING OVER A PERIOD OF 45 
MINUTES. THE MIXTURE WAS THEN STIRRED FOR AN ADDITIONAL 6 HOURS. AT THIS 
TIME, THE MIXTURE HAD BECOME SO THICK AND VISCOUS THAT STIRRING WAS NO 
LONGER EFFECTIVE SO STIRRING WAS STOPPED AND THE MIXTURE WAS ALLOWED TO 
STAND FOR TEN HOURS. THE MIXTURE WAS THEN HYDROLYZED WITH DILUTE HYDRO­
CHLORIC ACID AND EXTRACTED WITH ETHER. THE ETHER EXTRACT WAS DRIED OVER 
ANHYDROUS MAGNESIUM SULFATE AND FILTERED. REMOVAL OF THE ETHER ON THE 
STEAM BATH AND DISTILLATION OF THE RESIDUE THROUGH AN ELECTRICALLY HEATED 
COLUMN (1.6 CM. IN DIAMETER AND 34 CM. IN LENGTH) PACKED WITH GLASS 
HELICES GAVE 48.4 G. (12 PER CENT YIELD) OF ORTHO-T-BUTYLTOLUENE, B . P . 194-
197° A"T ATMOSPHERIC PRESSURE, REPORTED^ B . P . 200.4°. 
ORTHO-T-BUTYLBENZOIC A C I D . - - T H I S ACID WAS PREPARED BY OXIDIZING ORTHO-T-
50 
BUTYLTOLUENE BY THE PROCEDURE GIVEN BY SHRINER AND FUSON. A MIXTURE OF 
(49) K. T . SERIJAN, H. F . HIPSHER AND L . C. GIBBONS, J. AM. CHEM. 
S O C , 71, 873 (1949). 
(50) R. L . SHRINER AND R. C. FUSON, "IDENTIFICATION OF ORGANIC 
COMPOUNDS," SECOND EDITION, J. WILEY AND SONS, I N C . , NEW YORK, N . Y . , 1940, 
P . 164. 
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20.0 g . o f o r t h o - t - b u t y l t o l u e n e , 80.0 g , o f p o t a s s i u m p e r m a n g a n a t e , 2.0 
g . o f s o d i u m h y d r o x i d e a n d 1200 m l . o f w a t e r w a s p l a c e d i n a 3 1. e r l e n -
m e y e r f l a s k . T h e f l a s k w a s e q u i p p e d w i t h r e f l u x c o n d e n s e r a n d m a g n e t i c 
s t i r r e r a n d w a s s t i r r e d a t r e f l u x f o r 18 h o u r s , a t w h i c h t i m e t h e p e r m a n ­
g a n a t e c o l o r w a s g o n e . The s o l u t i o n w a s f i l t e r e d t o r e m o v e t h e m a n g a n ­
e s e d i o x i d e a n d e x t r a c t e d w i t h e t h e r t o r e m o v e n e u t r a l i m p u r i t i e s . The 
b a s i c s o l u t i o n w a s a c i d i f i e d a n d e x t r a c t e d w i t h e t h e r . T h e e t h e r e x t r a c t 
y i e l d e d I 7 . I g . o f a n a c i d i c o i l . V a c u u m d i s t i l l a t i o n g a v e 12.8 g . o f o i l , 
b . p . I 3 6 - I 3 8 0 a t 1 mm. p r e s s u r e . T h i s o i l w a s c r y s t a l l i z e d f r o m n - p e n t a n e 
a n d g a v e 11.0 g . o f w h i t e c r y s t a l s , m . p . 57-60° . A n o t h e r r e c r y s t a l l i c a t i o n 
f r o m n - p e n t a n e g a v e 9°85 g » , m . p . 60-6.3° a n d a r e c r y s t a l l i z a t i o n f r o m 
m e t h y l e n e c h l o r i d e g a v e 7<»̂ 2 g . , m . p . 60 -63° . T h i s 7°42 g - w a s c h r o m a t o -
g r a p h e d u s i n g s i l i c i c a c i d a n d c h l o r o f o r m a n d y i e l d e d , a f t e r a r e c r y s t a l ­
l i z a t i o n f r o m n - p e n t a n e , 5 ° H g - « m . p . 61 -66° . A n o t h e r r e c r y s t a l l i z a t i o n 
f r o m n - p e n t a n e , f o l l o w e d b y v a c u u m s u b l i m a t i o n a t 60 m i c r o n s a n d a b a t h 
t e m p e r a t u r e o f 55° g a v e 3°88 g . , m . p . 64-68°. A n o t h e r s u b l i m a t i o n , d i s ­
c a r d i n g a s m a l l a m o u n t o f t h e f i r s t m a t e r i a l t o s u b l i m e , g a v e 2.49 g . , m . p . 
67-69° , r e p o r t e d ^ " 9 ' 5 1 ' 5 2 m . p . 80 .3 -80 .8 ° , 68 .5°, 70 ° . 
A 0.80 g . s a m p l e o f t h e a b o v e a c i d w a s n i t r a t e d a c c o r d i n g t o t h e 
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p r o c e d u r e o f C r a w f o r d . T h e a c i d w a s a d d e d t o 10 m l . o f c o n c e n t r a t e d 
HWO^ a n d h e a t e d o n t h e s t e a m b a t h f o r 2-1/2 h o u r s . T h e r e s u l t i n g m i x t u r e 
w a s p o u r e d o n t o i c e , f i l t e r e d , a n d r e c r y s t a l l i z e d t w i c e f r o m b e n z e n e y i e l d -
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i n g 0.46 g . o f 2 - t - b u t y l . - 5 - n i t r o b e n z o i c a c i d , m . p . 169• 0-170.5 ° > r e p o r t e d 
m . p . 170°. 
(51) M . C r a w f o r d a n d F . H . C. S t e w a r t , J . C h e m . S o c , 4443 (1952). 
(52) K . A l d e r , K . H e i m b a c k a n d E . K u h l e , C h e m . B e r . , 1364 (1953)-
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m e t a - t - B u t y l t o l u e n e . - - T h i s h y d r o c a r b o n w a s p r e p a r e d f r o m m - b r o m o t o l u e n e . 
T h e m e t a - b r o m o t o l u e n e w a s o b t a i n e d f r o m t h e u n d e r g r a d u a t e o r g a n i c l a b o r ­
a t o r y w h e r e i t i s r e g u l a r l y p r e p a r e d b y t h e s t u d e n t s . I t w a s r e d i s t i l l e d 
t h r o u g h a n e l e c t r i c a l l y - h e a t e d c o l u m n (1.6 c m . i n d i a m e t e r a n d 34 c m . i n 
l e n g t h ) p a c k e d w i t h g l a s s h e l i c e s a n d w a s c o l l e c t e d a t 179-181°, r e p o r t e d 
b . p . I 83 .7 ° • A 513«0 g . p o r t i o n o f t h e a b o v e h a l i d e w a s s u b j e c t e d t o t h e 
same p r o c e d u r e u s e d i n t h e p r e p a r a t i o n o f o r t h o - t - b u t y l t o l u e n e a n d y i e l d e d 
38.6 g . (9*6 p e r c e n t y i e l d ) o f m e t a - t - b u t y l t o l u e n e , b . p . 184-185% r e -
p o r t e d * 1 ' 9 b . p . 189.3° . 
m e t a - t - B u t y l b e n z o i c A c i d . - - T w e n t y g r a m s o f m e t a - t - b u t y l t o l u e n e w a s o x i ­
d i z e d b y t h e p r o c e d u r e g i v e n i n t h e p r e p a r a t i o n o f o r t h o - 1 - b u t y l b e n z o i c 
a c i d a n d g a v e 16.0 g . o f w h i t e c r y s t a l s m . p . 120-124°. F o u r r e c r y s t a l l i -
z a t i o n s f r o m a q u e o u s a l c o h o l g a v e 7.6O g . o f a c i d , m . p . 127-128°, r e ­
p o r t e d ^ m . p . 127.0-127.6° . 
p a r a - t - B u t y l b e n z o i c A c i d . - - T w e n t y g r a m s o f p a r a - 1 - b u t y l b e n z o i c a c i d ( E a s t ­
m a n p r a c t i c a l g r a d e ) w a s t w i c e r e c r y s t a l l i z e d f r o m 95 P e : " c e n t e t h a n o l a n d 
y i e l d e d 12.0 g . o f a c i d , m . p . 164.0-165.0° , r e p o r t e d ^ 9 m . p . 165.0-165.6° . 
l - C h l o r o - 2 - m e t h y l - 2 - p h e n y l p r o p a n e ( N e o p h y l C h l o r i d e ) . - - T h i s c o m p o u n d w a s 
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p r e p a r e d b y t h e m e t h o d o f W h i t m o r e a n d c o - w o r k e r s . A m i x t u r e o f 1050 g . 
( I 3 . 5 m o l e s ) o f d r y t h i o p h e n e - f r e e b e n z e n e a n d 75 g . ( 0 . 7 2 m o l e ) o f c o n ­
c e n t r a t e d s u l f u r i c a c i d w a s p l a c e d i n a 3.1 M o r t o n f l a s k a n d s t i r r e d v i g ­
o r o u s l y a t 20° w h i l e 450 g . (4.98 m o l e s ) o f m q t h a l l y l c h l o r i d e w a s a d d e d 
(53) " H a n d b o o k o f C h e m i s t r y a n d P h y s i c s , " C h e m i c a l R u b b e r P u b l i s h ­
i n g C o . , T h i r t y - s e c o n d E d i t i o n , C l e v e l a n d , O h i o , I95O, p . 1144. 
(54) F . C . W h i t m o r e , C. A . W e i s g e r b e r a n d A . C . S h a b i c a , J r . , 
J . A m . C h e m . S o c , 6 5 , 1469 (1943). 
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dropwise over a period of seven hours. Stirring at room temperature was 
then continued for another four hours. The benzene solution was separated 
from the sulfuric acid and washed with aqueous sodium bicarbonate and then 
with several portions of water. The excess benzene was removed on the 
steam bath and the remaining liquid was dried overnight over sodium sul­
fate. The liquid was filtered and distilled through a vacuum-jacketed 
column (1 .5 cm. in diameter and 87 cm. in length) packed with glass hel­
ices. The halide was collected at 9 6 0 and 15 mm. pressure (reported 97° 
2 
at 13 mm.) and yielded 594 g. (7O.7 per cent yield), n^ = I . 5 2 3 6 , re-
54 20 ported^ n̂  = I . 525O. 
Reaction of Neophyl Chloride with Sodium in Dioxane--t-Amyl Alcohol.--This 
reaction was carried out by the procedure of Grovenstein. In the usual 
Morton apparatus was placed 30 g. ( 0 . 1 8 mole) of neophyl chloride, 15*9 
g. ( 0 . 6 8 g. atom) of sodium, 280 ml. ( 2 . 5 6 moles) of dry t-amyl alcohol 
and 220 ml. of dioxane. The resulting mixture was heated to reflux and 
slowly stirred at reflux for one hour until the initial exothermic reac­
tion slowed. The mixture was then stirred vigorously at reflux for another 
hour. Next ^0 ml, of ethanol was added to destroy the remaining sodium. 
The mixture was then acidified and concentrated to about 100 ml., an 
equal volume of water added, and the mixture extracted with ether. The 
ether extracts were dried over anhydrous magnesium sulfate, filtered 
and the ether was removed on the steam bath. The residue was distilled 
through a vigreux column (1 .5 cm. in diameter and 12 cm. in length) and 
1 2 . 0 g. of liquid of indicated b.p. 145 -155° (obviously inaccurate be­
cause thermometer bulb too high in s t i l l head) collected while 1.5 g. 
of non-distilled residue remained in distilling flask. The above 1 2 . 0 
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g . o f l i q u i d w a s r e d i s t i l l e d t h r o u g h a c o l u m n (1.6 c m . i n d i a m e t e r a n d 
34 c m . i n l e n g t h ) p a c k e d w i t h g l a s s h e l i c e s t o g i v e 10.34 g . (43.5 p e r 
c e n t y i e l d ) o f h y d r o c a r b o n o f b . p . I 6 7 0 a n d 0.8 g . o f n o n - d i s t i l l e d 
r e s i d u e r e m a i n i n g I n t h e d i s t i l l i n g f l a s k . S i n c e t h e c o m b i n e d d i s t i l ­
l a t e a n d r e s i d u e f r o m t h e i n i t i a l d i s t i l l a t i o n w e r e o n l y I3 .5 g . a n d t h e 
t h e o r e t i c a l y i e l d o f h y d r o c a r b o n w a s 23.8 g . , i t w o u l d a p p e a r t h a t a n 
e r r o r w a s made i n some o f t h e w e i g h i n g s i n t h i s e x p e r i m e n t . T h e a b o v e 
10.34 g . o f h y d r o c a r b o n w a s a n a l y z e d b y v a p o r - p h a s e c h r o m a t o g r a p h y 
( d e t a i l s g i v e n i n f o l l o w i n g s e c t i o n ) a n d f o u n d t o c o n t a i n 98.3 p e r 
c e n t 2 - m e t h y l - 2 - p h e n y l p r o p a n e a n d 1.7 p e r c e n t 2 - p h e n y l b u t a n e a n d / o r 
2 - m e t h y l - l - p h e n y l p r o p a n e . 
R e a c t i o n o f N e o p h y l C h l o r i d e w i t h L i t h i u m i n T e t r a h y d r o f u r a n a t -65° T o r 
3-1/2 h o u r s . - - I n t h e u s u a l a p p a r a t u s f o r a l k a l i m e t a l r e a c t i o n s w a s p l a c e d 
250 m l . o f t e t r a h y d r o f u r a n a n d 1.05 g . (0.15 g . a t o m ) o f c h o p p e d l i t h i u m 
t a p e . T h e p r o t e c t i v e p a r a f f i n c o a t i n g o n t h e l i t h i u m t a p e w a s r e m o v e d 
w i t h d r y b e n z e n e a n d t h e e x c e s s b e n z e n e r e m o v e d b y b l o t t i n g t h e t a p e w i t h 
a p a p e r t o w e l . T h e r e a c t i o n w a s i n i t i a t e d a t -10° b y a d d i n g a s m a l l a m o u n t 
( c a . 5$) o f a s o l u t i o n o f 10.0 g . (0.059 m o l e ) o f n e o p h y l c h l o r i d e i n 25 
m l . o f t e t r a h y d r o f u r a n a n d 0.6 m l . o f m e t h y l i o d i d e . A s s o o n a s t h e 
r e a c t i o n w a s i n i t i a t e d , t h e t e m p e r a t u r e w a s l o w e r e d t o -65° a n d t h e r e ­
m a i n i n g h a l i d e s o l u t i o n w a s a d d e d o v e r a p e r i o d o f 30 m i n u t e s . T h e s o l u ­
t i o n w a s y e l l o w i n c o l o r a n d s t i r r i n g w a s c o n t i n u e d f o r 3~l/2 h o u r s a t 
-65 ° . T h e r e a c t i o n m i x t u r e w a s f o r c e d , o n t o p u l v e r i z e d s o l i d c a r b o n d i o x ­
i d e a n d a l l o w e d t o s t a n d o v e r n i g h t . T h e n e x t d a y t h e r e a c t i o n m i x t u r e 
w a s a c i d i f i e d w i t h 10 p e r c e n t h y d r o c h l o r i c a c i d , w h i c h r e a c t e d w i t h t h e 
r e m a i n d e r o f t h e l i t h i u m , a n d t h e s o l v e n t s w e r e r e m o v e d i n v a c u o a t s t e a m 
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b a t h t e m p e r a t u r e . The r e s i d u e w a s t r e a t e d w i t h a n e x c e s s o f a q u e o u s 
s o d i u m h y d r o x i d e a n d 2.38 g . o f n e u t r a l m a t e r i a l , w a s e x t r a c t e d w i t h 
e t h e r . A c i d i f i c a t i o n a n d e x t r a c t i o n w i t h e t h e r g a v e , i n t h e e t h e r 
e x t r a c t , 7«45 g . o f a c i d i c m a t e r i a l . T h e a c i d i c m a t e r i a l o b t a i n e d w a s 
p i n k i n c o l o r a p p a r e n t l y d u e t o i o d i n e , s o i t w a s d i s s o l v e d i n e t h e r 
a n d t h e e t h e r s o l u t i o n e x t r a c t e d w i t h a s o d i u m t h i o s u l f a t e s o l u t i o n (100 
m l . o f H 2 0 , 2 g . o f N a ^ O , 1 g . N a l a n d 1 m l . H O A c ) . On r e m o v i n g 
t h e e t h e r 6.95 g» of w h i t e c r y s t a l s , m . p . 53-58°, w a s o b t a i n e d . T h i s 
6.95 g° of a c i d w a s s u b l i m e d a t 65-70° a t k-0 m i c r o n s a n d g a v e 6.40 g . o f 
a c i d , m . p . 56.5-58.0°. A 2.0 g . s a m p l e o f t h i s w a s r e c r y s t a l l i z e d t o g i v e 
I.87 go f m . p . 56.5-58.0°. A m i x e d m e l t i n g p o i n t o f t h i s a c i d a n d a u t h e n ­
t i c 3 - m e l h y l - 3 - p h e n y l b u t a n o i c a c i d ( m . p . 56.O-58.O 0) g a v e n o d e p r e s s i o n . 
H o w e v e r , m i x e d m e l t i n g p o i n t s o f t h i s a c i d w i t h 2 - m e t h y l - - 2 - p h e n y l b u t a n o i c 
a c i d ( m . p . 57-0-58.0°) a n d w i t h 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d ( m . p . 
57-0-58.0°) b o t h g a v e l a r g e d e p r e s s i o n s ( i . e . , t h e 50/50 m i x t u r e w a s m o l t e n 
a t r o o m t e m p e r a t u r e ) . 
R e a c t i o n o f N e o p h y l C h l o r i d e w i t h L i t h i u m i n T e t r a h y d r o f u r a n a t -65° f o r 
3 h o u r s t h e n 30° f o r f o u r h o u r s . - - T h e same p r o c e d u r e a n d q u a n t i t y o f r e a c ­
t a n t s a s i n t h e p r e v i o u s r e a c t i o n w i t h l i t h i u m w a s u s e d u p t o t h e e n d o f 
t h e p e r i o d o f s t i r r i n g a t -65° f o r 3 h o u r s . T h e r e a c t i o n m i x t u r e w a s t h e n 
w a r m e d t o 30° a n ( i s t i r r e d a t t h i s t e m p e r a t u r e f o r k h o u r s . A f t e r c a r b o n ­
a t i o n o f t h e r e a c t i o n m i x t u r e a n d i s o l a t i o n o f p r o d u c t s i n t h e m a n n e r d e s ­
c r i b e d f o r t h e p r e v i o u s r e a c t i o n w i t h l i t h i u m , t h e r e w a s o b t a i n e d 2.05 g-
o f n e u t r a l m a t e r i a l , 0 .9 I g . o f a c i d i c e t h e r - s o l u b l e m a t e r i a l a n d 0.71 g» 
o f a b l a c k , t a r r y , a c i d i c , e t h e r - i n s o l u b l e m a t e r i a l . M u c h o f t h e n e u t r a l 
m a t e r i a l w a s a p p a r e n t l y l o s t b y v o l a t i l i z a t i o n w h i l e r e m o v i n g t h e s o l v e n t s 
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i n v a c u o o n t h e s t e a m b a t h . T h e 0„91 g . o f a c i d i c m a t e r i a l w a s d i s t i l l e d 
a t 160° a t 80 m i c r o n s a n d g a v e 0.40 g . o f y e l l o w o i l . T h e i n f r a r e d s p e c ­
t r u m o f t h i s m a t e r i a l w a s s i m i l a r b u t n o t i d e n t i c a l t o t h o s e o f 3 - m e t h y l -
3 - p h e n y l b u t a n o i c a c i d , 2 - m e t h y l - 2 - p h e n y l b u t a n o i c a c i d o r 2 , 2 - d i m e t h y l - 3 -
p h e n y l p r o p a n o i c a c i d . T h e a b o v e 0.40 g . o f a c i d i c m a t e r i a l w a s e s t e r i f i e d 
w i t h d i a z o m e t h a n e a n d a n a l y z e d b y v a p o r - p h a s e c h r o m a t o g r a p h y ( d e t a i l s g i v e n 
i n f o l l o w i n g s e c t i o n ) . T h i s c h r o m a t o g r a p h y s h o w e d t h a t t h e a c i d i c m a t e r ­
i a l c o n t a i n e d n o n e o f t h e f o l l o w i n g a c i d s : 3 - m e " t h y l - 3 - p h e n y l b u t a n o i c a c i d , 
2 - m e t h y l - 2 - p h e n y l b u t a n o i c a c i d , 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d , 
o r t h o - , m e t a - , a n d p a r a - t - b u t y l b e n z o i c a c i d s . T h e a b o v e m e t h y l a t e d a c i d i c 
m a t e r i a l g a v e a p o s i t i v e t e s t f o r u n s a t u r a t i o n w i t h p o t a s s i u m p e r m a n g a n ­
a t e s o l u t i o n , b u t t h e f u r t h e r c h a r a c t e r i z a t i o n o f t h i s m a t e r i a l w a s n o t 
a t t e m p t e d b e c a u s e i t w a s i s o l a t e d i n s u c h s m a l l y i e l d . 
R e a c t i o n o f N e o p h y l C h l o r i d e w i t h L i t h i u m i n T e t r a h y d r o f u r a n a t -65° f o r 
3 h o u r s t h e n 0° f o r 1 h o u r . - - T h e same p r o c e d u r e a s i n t h e p r e v i o u s r e a c ­
t i o n w i t h l i t h i u m w a s u s e d u p t o t h e e n d o f t h e p e r i o d o f s t i r r i n g a t 
-65° f o r 3 h o u r s . T h e r e a c t i o n m i x t u r e w a s t h e n w a r m e d t o 0° a n d s t i r r e d 
a t t h i s t e m p e r a t u r e f o r o n e h o u r a n d t h e n f o r c e d o n t o d r y i c e . A f t e r 
a c c i d i f i c a t i o n , t h e s o l v e n t s w e r e c a r e f u l l y r e m o v e d o n t h e s t e a m b a t h a t 
a t m o s p h e r i c p r e s s u r e t o p r e v e n t l o s s o f n e u t r a l m a t e r i a l . T h e e x t r a c t i o n 
p r o c e d u r e u s e d i n t h e p r e v i o u s r e a c t i o n s g a v e 6.72 g . o f n e u t r a l m a t e r i a l 
a n d 3*53 6° ° f a c i d i c m a t e r i a l . T h e a c i d i c m a t e r i a l w a s d i s t i l l e d a t 95-
1̂ 5° a t 80 m i c r o n s a n d g a v e 2.88 g . o f s o f t y e l l o w c r y s t a l s . T h i s m a t e r ­
i a l w a s s u b l i m e d a t 50° a t 80 m i c r o n s g i v i n g 2.63 g . o f w h i t e c r y s t a l s , 
m . p . kl-^k°o T h e i n f r a r e d s p e c t r u m o f t h i s m a t e r i a l s h o w s c h a r a c t e r i s t i c 
a b s o r p t i o n m a x i m a n e a r 7°62 a n d 13»3 m i c r o n s . T h e i n f r a r e d s p e c t r u m o f 
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3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d s h o w s t h e s e same a b s o r p t i o n m a x i m a a t 
7.62 a n d ±3.13 m i c r o n s . I n c o n t r a s t , 2 - m e t h y l - 2 - p h e n y l b u t a n o i c a c i d 
h a s c h a r a c t e r i s t i c a b s o r p t i o n m a x i m a a t 8 . 6 2 , 9 . 9 5 * a n d I 3 . 8 O m i c r o n s 
a n d 2 , 2 - d i m e t h y l - 3 - p h e n y l p r o p a n o i c a c i d h a s a b s o r p t i o n m a x i m a a t 8 . 6 2 
a n d 1 3 . 6 4 m i c r o n s . C o m p a r i s o n o f t h e s e s p e c t r a s h o w t h a t t h i s a c i d 
i s o l a t e d f r o m t h i s r e a c t i o n i s p r e d o m i n a n t l y 3 - m e t h y l - 3 - p h e n y l b u t a n o i c 
a c i d . T h e n e u t r a l m a t e r i a l w a s d i s t i l l e d a t 5 0 - 1 0 0 ° a t 22 mm. p r e s s u r e 
a n d g a v e 5 .21 g . o f d i s t i l l a t e . T h e i n f r a r e d s p e c t r u m o f t h i s m a t e r i a l 
h a d c h a r a c t e r i s t i c a b s o r p t i o n m a x i m a a t "j-90, 8 . 3 4 a n d 8 . 9 4 m i c r o n s . T h e 
i n f r a r e d s p e c t r u m o f t - b u t y l b e n z e n e h a d t h e s e same m a x i m a a t a l m o s t e q u a l 
i n t e n s i t y i n d i c a t i n g t h a t t - b u t y l b e n z e n e w a s t h e m a j o r c o m p o n e n t o f t h e 
n e u t r a l m a t e r i a l . T h e s t a r t i n g h a l i d e h a d c h a r a c t e r i s t i c a b s o r p t i o n 
m a x i m a a t 7»80 a n d 1 4 . 0 7 m i c r o n s . T h e a b o v e 5 .21 g . o f n e u t r a l d i s t i l ­
l a t e w a s a n a l y z e d b y v a p o r - p h a s e c h r o m a t o g r a p h y a n d f o u n d t o c o n t a i n 5 8 . 2 
p e r c e n t 2 - m e t h y l - 2 - p h e n y l p r o p a n e a n d 8 . 4 p e r c e n t 2 - p h e n y l b u t a n e a n d / o r 
2 - m e t h y l - 1 - p h e n y l p r o p a n e . E s t e r i f i c a t i o n a n d v a p o r - p h a s e c h r o m a t o g r a p h y 
o f t h e a b o v e 2 . 6 3 g . o f a c i d i c m a t e r i a l s h o w e d i t c o n t a i n e d 98 .3 P e r c e n t 
3 - m e t h y l - 3 - , p h e n y l b u t a n o i c a c i d a n d 2.5 p e r c e n t o r t h o - t - b u t y l b e n z o i c a c i d . 
R e a c t i o n o f N e o p h y l C h l o r i d e w i t h L i t h i u m i n T e t r a h y d r o f u r a n a t - 6 5 ° f o r 
3 h o u r s t h e n 0° f o r 1 h o u r w i t h N a - K A l l o y a d d e d . - - T h e same p r o c e d u r e a s 
i n t h e p r e v i o u s r e a c t i o n s w i t h l i t h i u m was u s e d u p t o t h e e n d o f t h e p e r ­
i o d o f s t i r r i n g a t - 6 5 ° f o r 3 h o u r s . T h e r e a c t i o n m i x t u r e w a s t h e n w a r m e d 
t o 0 ° , N a - K a l l o y (10.5 g . p o t a s s i u m a n d 2 . 6 g . s o d i u m ) w a s a d d e d a n d t h e 
m i x t u r e w a s s t i r r e d v i g o r o u s l y a t 0° f o r o n e h o u r a n d t h e n f o r c e d o n t o 
s o l i d c a r b o n d i o x i d e . T h e r e s u l t i n g m i x t u r e w a s a c i d i f i e d a n d t h e s o l v e n t s 
r e m o v e d o n t h e s t e a m b a t h a t a t m o s p h e r i c p r e s s u r e . T h e e x t r a c t i o n p r o c e d u r e 
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u s e d i n t h e p r e v i o u s r e a c t i o n s w i t h l i t h i u m g a v e 5 °44 g . o f n e u t r a l m a t e r ­
i a l a n d 4.33 S» ° f a c i d i c m a t e r i a l . T h e a c i d i c m a t e r i a l w a s d i s t i l l e d a t 
1 0 5 - 1 2 0 ° a t 80 m i c r o n s . D u r i n g t h e d i s t i l l a t i o n t h e d i s t i l l a t e b e c a m e 
d e e p p u r p l e a p p a r e n t l y d u e t o a s m a l l a m o u n t o f i o d i n e b e i n g l i b e r a t e d . 
T r e a t m e n t w i t h s o d i u m t h i o s u l f a t e s o l u t i o n r e m o v e d t h e c o l o r a n d g a v e 
2.60 g . o f a c l e a r c o l o r l e s s o i l . T h i s w a s r e d i s t i l l e d a t 85 -104° a t 
70 m i c r o n s p r e s s u r e a n d g a v e 1.80 g . o f a p i n k o i l w h i c h d a r k e n e d o n 
s t a n d i n g . A f t e r l e t t i n g s t a n d f o r o n e w e e k i n t h e s u n l i g h t , t h e o i l w a s 
d e c o l o r i z e d w i t h s o d i u m t h i o s u l f a t e s o l u t i o n a n d d i s t i l l e d a t 75-85° a t 
5 0 m i c r o n s p r e s s u r e g i v i n g 1 . 6 5 g ° o f s o f t w h i t e c r y s t a l s , m . p . 49-56°. 
T h e i n f r a r e d s p e c t r u m o f t h e s e c r y s t a l s w a s a l m o s t i d e n t i c a l t o t h e s p e c ­
t r u m o f t h e a c i d p r o d u c e d i n t h e p r e c e d i n g e x p e r i m e n t a n d t h e same i n t e r ­
p r e t a t i o n i n d i c a t e s t h a t t h i s m a t e r i a l i s p r e d o m i n a n t l y 3 " m e t h y l - 3 - p h e n y l -
b u t a n o i c a c i d . T h e a b o v e 1 . 6 5 g ° ° f a c i d i c m a t e r i a l w a s e s t e r i f i e d a n d 
s u b j e c t e d t o v a p o r - p h a s e c h r o m a t o g r a p h y . T h e a c i d i c m a t e r i a l c o n t a i n e d 
88.0 p e r c e n t 3 - m e t h y l - 3 - p h e n y l b u t a n o i c a c i d a n d 2 .4 p e r c e n t o r t h o - t -
b u t y l b e n z o i c a c i d . T h e a b o v e 5°44 g . o f n e u t r a l m a t e r i a l w a s a n a l y z e d 
b y v a p o r - p h a s e c h r o m a t o g r a p h y a n d f o u n d t o c o n t a i n 3 0 o 2 p e r c e n t 2 - m e t h y l -
2 - p h e n y l p r o p a n e a n d 4.9 p e r c e n t 2 - p h e n y l b u t a n e a n d / o r 2 - m e t h y l - 1 - p h e n y l -
p r o p a n e . 
A n a l y s e s b y V a p o r - p h a s e C h r o m a t o g r a p h y . - - A P e r k i n - E l m e r V a p o r F r a c t o m e t e r 
M o d e l 154D w a s u t i l i z e d f o r t h e s e a n a l y s e s . T h e n e u t r a l m a t e r i a l r e s u l t ­
i n g i n t h e r e a c t i o n s ( d e s c r i b e d p r e v i o u s l y ) o f l - c h l o r o - 2 - - m e t h y l - 2 - p h e n y l -
p r o p a n e w i t h s o d i u m a n d t - a m y l a l c o h o l a n d w i t h l i t h i u m w a s a n a l y z e d f o r 
2 - m e t h y l . - 2 - p h e n y l p r o p a n e , 2 - p h e n y l b u t a n e , a n d 2 - m e t h y l - l - p h e n y l p r o p a n e . 
No c o n d i t i o n s c o u l d b e f o u n d w h i c h w o u l d s e p a r a t e a l l t h r e e o f t h e a b o v e 
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h y d r o c a r b o n s , b u t 2 - m e t h y l - 2 - p h e n y l p r o p a n e c o u l d b e s e p a r a t e d f r o m 2 -
p h e n y l b u t a n e a n d 2 - m e t h y l - 1 - p h e n y l p r o p a n e . T h e c o l u m n g i v i n g t h e b e s t 
s e p a r a t i o n a n d t h e o n e u s e d f o r t h e s e a n a l y s e s w a s o n e p r e p a r e d b y J o n e s . 
T h i s c o l u m n c o n s i s t e d o f a s i x - m e t e r l e n g t h o f l / 4 i n . . 0. D . c o p p e r t u b i n g 
p a c k e d w i t h u n a c t i v a t e d C h r o m a s o r b s u p p o r t i n g 20 p e r c e n t D o w - C o r n i n g 
H i g h V a c u u m S i l i c o n e S t o p c o c k G r e a s e b y w e i g h t . T h e f o H e w i n g c o n d i t i o n s 
w e r e u s e d i n t h e q u a n t i t a t i v e a n a l y s i s o f t h e h y d r o c a r b o n m i x t u r e s : o v e n 
t e m p e r a t u r e 1 5 5 ° , 30 p . s . i . o f h e l i u m g a s , 31 r o t o m e t e r r e a d i n g , s e n s i ­
t i v i t y 8, a n d 5 m i c r o l i t e r s a m p l e s . T h e p e a k a r e a s w e r e c a l c u l a t e d b y 
t h e m e t h o d o f m u l t i p l y i n g p e a k h e i g h t t i m e s p e a k w i d t h a t l / 2 p e a k 
h e i g h t . T h e r e s u l t s o f t h e s e a n a l y s e s a r e g i v e n i n T a b l e 2. 
T h e a c i d m a t e r i a l , r e s u l t i n g i n t h e r e a c t i o n s o f l - c . h l o r o - 2 - m e t h y l -
2 - p h e n y l p r o p a n e w i t h l i t h i u m w a s a n a l y z e d f o r 3 - m e t h y l - 3 - p h e n y l b u t a n o i c 
a c i d , 2 - m e t h y l - 2 - p h e n y l b u t a n o i c a c i d , 2 , 2 - d i m e t h y l . - 3 - d i m e t h y l - 3 - p h e n y l -
p r o p a n o i c a c i d , o r t h o - , m e t a - , a n d p a r a - t - b u t y l b e n z o i c a c i d s . T h e s a m p l e s 
o f a c i d m a t e r i a l t o b e a n a l y z e d a n d p u r e s a m p l e s o f e a c h o f t h e a b o v e 
a c i d s w e r e m e t h y l a t e d w i t h d i a z o m e t h a n e b e f o r e t h e v a p o r - p h a s e c h r o m a ­
t o g r a p h y w a s d o n e . T h e a n a l y s e s w e r e d o n e o n t w o d i f f e r e n t c o l u m n s 
b e c a u s e n o o n e c o l u m n w o u l d s e p a r a t e a l l . s i x e s t e r s . One o f t h e c o l u m n s 
w a s a P e r k i n - E l m e r c o l u m n 0. T h i s c o l u m n w a s t w o m e t e r s i n l e n g t h , made 
o f l / 4 i n . C D . s t a i n l e s s s t e e l t u b i n g p a c k e d w i t h d i a t o m a c e o u s e a r t h , 
s u p p o r t i n g s i l i c o n e g r e a s e . T h e f o l l o w i n g c o n d i t i o n s w e r e u s e d w i t h 
c o l u m n 0: o v e n t e m p e r a t u r e l47% 20 p . s . i . o f h e l i u m g a s . , 64 r o t o m e t e r 
r e a d i n g , s e n s i t i v i t y 4, a n d 5 m i c r o l i t e r s a m p l e s . T h e o t h e r c o l u m n u s e d 
(55) R. J o n e s , T h e C a t a l y t i c H y d r o g e n a t i o n o f Some T a l l O i l C o n -
s t i t u e n t s , U n p u b l i s h e d P h . B. T h e s i s , G e o r g i a I n s t i t u t e o f T e c h n o l o g y , 
1961, P . 97° 
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w a s a P e r k i n - E l m e r c o l u m n P . T h i s c o l u m n w a s t w o m e t e r s i n l e n g t h , made 
o f l / 4 i n . 0. D . s t a i n l e s s s t e e l t u b i n g p a c k e d w i t h d i e t h y l e n e g l y c o l . 
T h e f o l l o w i n g c o n d i t i o n s w e r e u s e d w i t h c o l u m n P^ o v e n t e m p e r a t u r e 
163°, 20 p . s . i . o f h e l i u m g a s , 34 r o t o m e t e r r e a d i n g , s e n s i t i v i t y 4, a n d 
5 m i c r o l i t e r s a m p l e s . T h e p e a k a r e a s w e r e c a l c u l a t e d b y t h e m e t h o d o f 
m u l t i p l y i n g p e a k h e i g h t t i m e s p e a k w i d t h a t l / 2 p e a k h e i g h t . T h e r e s u l t s 
o f t h e s e a n a l y s e s a r e g i v e n i n T a b l e 3. T h e p e a k a r e a s w e r e c o n s i d e r e d 
T a b l e 2. A n a l y s e s o f N e u t r a l M a t e r i a l R e s u l t i n g f r o m R e a c t i o n s 
o f l . - C h l o r o - 2 - m e t h y l - 2 - - p h e n y l p r o p a n e w i t h A l k a l i M e t a l s 
R e t e n t i o n T i m e , P e a k 
m i n . A r e a P e r C e n t 
2 - M e t h y l - 2 - p h e n y l p r o p a n e 
2 - P h e n y l b u t a n e 
2 - M e t h y l - 1 - p h e n y l p r o p a n e 
N e u t r a l m a t e r i a l f r o m r e a c t i o n o f 
1 - c h l o r o - 2 - m e t h y l - 2 - p h e n y l p r o p a n e 
w i t h s o d i u m a n d t - a m y l a l c o h o l * 
N e u t r a l m a t e r i a l f r o m r e a c t i o n o f 
1 - c h l o r o - 2 - m e t h y l - 2 - p h e n y l p r o p a n e 
w i t h l i t h i u m f o r 3 h r s . a t -65°, 
t h e n 1 h r . a t 0°* 
N e u t r a l m a t e r i a l f r o m r e a c t i o n o f 
1 - c h l o r o - 2 - m e t h y l - 2 - p h e n y l p r o p a n e 
w i t h l i t h i u m f o r 3 h r s . a t -65°, 


































S a m p l e s d i s t i l l e d b e f o r e a n a l y s i s . 
S o l v e n t s r e m o v e d b y d i s t i l l a t i o n i n v a c u o a n d p a r t o f n e u t r a l 
m a t e r i a l l o s t b y v o l a t i l i z a t i o n . 
T A B L E 3 . A N A L Y S E S O F A C I D I C M A T E R I A L * R E S U L T I N G F R O M R E A C T I O N S 
O F 1 - C H L O R O - 2 - M E T H Y L - 2 - P H E N Y L P R O P A N E W I T H L I T H I U M 
R E T E N T I O N 
T I M E , _ M I N . 
C O L U M N 
P E A K 
A R E A 
P 
P E R C E N T 
R E T E N T I O N 
T I M E , M I N . 
C O L U M N 0 
P E A K 
A R E A P E R C E N T 
2 , 2 - D I M E T H Y L - 3 - P H E N Y L P R O P A N O I C A C I D 1 2 . 0 458 1 0 0 . 0 8 .3 354 1 0 0 . 0 
2 - M E T H Y L - 2 - P H E N Y L B U T A N O I C A C I D 1 3 . 4 472 1 0 0 . 0 8.8 344 1 0 0 . 0 
O R T H O - T - B U T Y L B E N Z O I C A C I D 1 4 . 6 480 1 0 0 . 0 9 - 1 342 1 0 0 . 0 
M E T A - T - B U T Y L B E N Z O I C A C I D l4o9 503 1 0 0 . 0 1 1 . 2 3 8 1 1 0 0 . 0 
3 - M E T H Y L - 3 - P H E N Y L B U T A N O I C A C I D 1 7 . 1 455 1 0 0 . 0 9 . 2 336 1 0 0 . 0 
P A R A - T - B U T Y L B E N Z O I C A C I D 1 9 . 0 500 1 0 0 . 0 1 3 . 5 376 1 0 0 . 0 
A C I D I C M A T E R I A L F R O M R E A C T I O N O F 
1 - C H L O R O - 2 - M E T H Y L - 2 - P H E N Y L P R O P A N E 
W I T H L I T H I U M F O R 3 H R S » A T - 6 5 ° , 
T H E N 1 H R . A T 0 " " 
1 4 . 4 
~\ 1 N 
2 6 . 0 
1 1 
L L L L V 11
 ! 
1 2 
2 . 3 
• ^ 
2.5 
{ 9 .2 




3 . 2 
A C I D I C M A T E R I A L F R O M R E A C T I O N O F 
1 - C H L O R 0 - 2 - M E T H Y L - 2 - P H E N Y L P R O P A N E 
W I T H L I T H I U M F O R 3 H R S . A T -65 % 
T H E N 1 H R . W I T H N A - K A T 0 ° * * 
1 0 . 0 
1 4 . 4 
1 7 . 0 





1 . 3 
2 . 4 
88 .0 
3 . 8 
7 .4 
{ 9 . 2 
1 1 . 8 







4 . 1 
3.5 
A C I D I C M A T E R I A L F R O M R E A C T I O N O F 
L - C H L O R O - 2 - M E T H Y L - 2 - P H E N Y L P R O P A N E 
W I T H L I T H I U M F O R 3 H R S . A T - 6 5 % 
T H E N 4 H R S . A T 3O0*"* 
1 6 . 2 
2 6 . 0 
3 5 ° 7 
1 5 0 
1.38 
28 
3 1 . 5 
2 9 . 0 
5-9 
8 .3 
1 2 . 6 
15.4 
1 0 3 
105 
1 1 
2 9 . O 
29 .6 
3 . 2 
A C I D I C M A T E R I A L W A S M E T H Y L A T E D W I T H D I A Z O M E T H A N E B E F O R E A N A L Y S I S . 
' A C I D I C M A T E R I A L W A S S U B L I M E D O R D I S T I L L E D B E F O R E M E T H Y L A T I O N A N D A N A L Y S I S . 
6 6 
TO BE DIRECTLY PROPORTIONAL TO PER CENT OF EACH COMPONENT. THE PEAK AREA 
OF A FIVE MICROLITER SAMPLE OF EACH REFERENCE COMPOUND WAS CONSIDERED 1 0 0 
PER CENT. THE PER CENT OF THE UNIDENTIFIED PEAKS WAS CALCULATED BY CON­
SIDERING THEM TO BE ISOMERS OF THE REFERENCE COMPOUNDS WITH 1 0 0 PER CENT 
BEING EQUAL TO THE AVERAGE PEAK AREA OF THE REFERENCE COMPOUNDS. 
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CHAPTER I V 
RECOMMENDATIONS 
S i n c e t h e r e a r r a n g e m e n t o f 2 , 2 , 3 - t r i p h e n y l p r o p y l l i t h i u m c o u l d b e 
e x p l a i n e d b y a n e l i m i n a t i o n a d d i t i o n m e c h a n i s m , t h i s p o s s i b i l i t y s h o u l d b e 
i n v e s t i g a t e d . T h i s m e c h a n i s m r e q u i r e s b e n z y l l i t h i u m a n d " r i p h e n y l e t h y l e n e 
a s i n t e r m e d i a t e s a n d i f t h e r e a c t i o n w a s r u n i n t h e p r e s e n c e o f o n e o f 
Ik 
t h e s e c o m p o u n d s w h i c h h a d b e e n l a b e l e d w i t h C i t s h o u l d l e a d t o i n c o r ­
p o r a t i o n o f t h e l a b e l e d m o l e c u l e s i n t h e r e a r r a n g e d p r o d u c t . A n a b s e n c e 
o f i n c o r p o r a t i o n o f t h e l a b e l e d m o l e c u l e s i n t h e p r o d u c t w o u l d l e n d a d d i ­
t i o n a l s u p p o r t t o t h e c a r b a n i o n m e c h a n i s m . 
I t w o u l d a l s o b e o f i n t e r e s t t o a t t e m p t t o i d e n t i f y some o f t h e 
u n k n o w n n e u t r a l p r o d u c t s i n t h e r e a c t i o n o f n e o p h y l c h l o r i d e w i t h l i t h i u m . 
Some l i k e l y p o s s i b i l i t i e s w o u l d i n c l u d e 1 - m e t h y l - l - p h e n y l c y c l o p r o p a n e , 
1 , 2 - d i m e t h y l - l - p h e n y l e t h y l . e n e a n d 1, l - d i m e t h y l - 2 - p h e n y l e t h y l e n e . A n 
a t t e m p t s h o u l d b e made t o i d e n t i f y some o f t h e u n k n o w n a c i d i c p r o d u c t s . 
A p o s i t i v e t e s t f o r u n s a t u r a t i o n i n d i c a t e s t h e p r e s e n c e o f some u n s a t u r ­
a t e d a c i d s a n d t h e l o n g e r r e t e n t i o n t i m e s i n t h e v a p o r - p h a s e c h r o m a t o g r a p h y 
s u g g e s t s t h e p o s s i b i l i t y o f some d i b a s i c a c i d s . S i n c e t h e 2 - m e t h y l - 2 -
p h e n y l p r o p y l l i t h i u m i s p r o t o n a t e d b y t e t r a h y d r o f u r a n m u c h f a s t e r t h a n i t 
r e a r r a n g e s , t h i s r e a c t i o n s h o u l d b e s t u d i e d i n l e s s r e a c t i v e s o l v e n t s 
s u c h a s d i e t h y l e t h e r o r b e n z e n e . 
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